
 

 

© 2022 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0 license. 

 

Genetics and Biodiversity Journal 
 

Journal homepage: https://journals.univ-tlemcen.dz/GABJ/index.php/GABJ/index  
    e-ISSN: 2588-185X                   p-ISSN: 2602-5582 

 

 
 
 
 
Original Research Paper 

Genetic diversity of the Cameroon Western Highlands’ Djallonke sheep 
assessed by mitochondrial d-loop 

Ntsoli J1, Meka Zibi II A1, Ayagirwe Basengere R2 and Meutchieye F1*  

1: Biotechnology and Bioinformatics Research Unit, Department of Animal Science; University of 

Dschang, FASA, PO Box. 188, Dschang-Cameroon 

2: Department of Animal Production, Université Evangélique en Afrique, PO Box: 465 Bukavu RD 

Congo 

*Corresponding author: Meutchieye Félix, Biotechnology and Bioinformatics Research Unit, 

Department of Animal Science; University of Dschang, FASA, PO Box. 188, Dschang-Cameroon,  

E-mail: fmeutchieye@gmail.com 

Article history: Received: April 15th 2021 Revised: September21sd 2021. Accepted: December 1nd 2021. 

Abstract 
Indigenous livestock resources are strategic in the socio-economic of rural agricultural systems to ensure food 

and nutritional security in resource-poor countries. In Cameroon, small ruminant farming significantly 

contributes to food security and income generation. Given its great ecological variety, Cameroon hosts a large 

genetic diversity of sheep, but the knowledge on these is scanty. In order to contribute to a better understanding 

of the genetic diversity of Cameroon's Ovine genetic resources for their better use and conservation, an analysis 

of the Djallonke sheep genetic diversity based on the D loop of the ovine mitochondrial DNA (mtDNA) was 

performed on the highlands of West Cameroon Djallonke breed. To achieve this, analyses of 16 sequences of a 

989bp fragment of the mtDNA D-loop region from the population were conducted in conjunction with 

previously published sequences from African, European, Japanese and Chinese ovine genotypes. Fourteen 

haplotypes were observed with a high mean haplotype diversity of 1.0000±0.027, nucleotide diversity (π) of 

order of 0.11082±0.062. The average nucleotide difference between sequences taken two by two was 62.945. 

Population specific FST indices showed a negative and significant result for the whole data set. The phylogenetic 

tree indicates that the mitochondrial lineages of these sheep breeds originated from a common source, the 

Haplogroup B. This confirms the hypothesis that the domestication of African sheep was carried ou t in 

successive waves from Asia. The results of this study contribute to the knowledge of Cameroon sheep breeds 

and the plan conservation programs on Djallonke sheep . 
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Introduction 

Maintaining genetic diversity in livestock is critical in order to face future challenges like climate 
change threats, emerging diseases, and food security for an increasing human population (Barker 
2001; Groeneveld et al., 2010). Indigenous African sheep genetic resources currently contribute to 
about 30% of agricultural gross domestic product in African countries (Muigai et al., 2013). 
According to Anyanwu et al., (2010), sheep are very important in the socio cultural and economic 
lives of the people of Africa and especially in Cameroon. In Cameroon, sheep are a real national asset 
and are raised in all regions of the country. They are made up of five major indigeneous breeds which 
are: Djallonke, Fulani, Uda, Kirdi and Blackbelly, indicating a high biodiversity (Tchouamo et al., 
2005). 
.. 
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These indigenous breeds have been shown to be genetically diverse and are an important storehouse of 

genetic materials (Pariset et al., 2011; Baenyi et al., 2018). This could be due to geographical 

isolation, natural and artificial selection for physical or productive characters, genetic drift, mutations 

and interpopulation gene flows that have altered gene frequencies over many generationsHowever this 

genetic diversity has not been fully described in Africa and particularly in Cameroon where only the 

sheep phenotypic variability has been explored up to date. Djallonke sheep, also named broadly as 

West African Dwarf sheep, is known to be highly prolific, adapted to harsh humid environments and 

resistant to trypanosomiasis (Geerts et al., 2009). Notwithstanding their potential value is not realized 

because of low productivity resulting from poor performance among them and the loss of genetic 

diversity within the same breed. In terms of biodiversity, conservation and utilization, besides the 

phenotypic description which has been made on this breed, there is a need to characterize these genetic 

resources at the molecular level for further identification and evaluation to assess their potential 

contribution to food and agricultural production in the future. Presently, among the various tools used 

for molecular genetics characterization, mtDNA has received much attention because its markers 

provide important phylogenetic information in relation to genetic diversities (Moradi et al., 2017). 

Mammalian mtDNA is deemed to strictly follow maternal inheritance and is highly variable within a 

species, so mtDNA is an important material for phylogenetic inferences and for analysing genetic 

diversity (Pariset et al., 2011). The climate and landscape of the western region are different from 

other areas of Cameroon. Traffic from other parts of Cameroon is not significant, so the region’s 

livestock are seldom influenced by external breeds. In this study, it is only the Djallonke sheep 

ecotype of the western highlands of Cameroon that was selected in order to assess their variability for 

better use and conservation.  

Material and Methods 

Breed description 

The Djallonke breed is found in all agro-ecological zones of Cameroon. It dwells in all agroecological 
regions, notably in humid and sub-humid forest. The Djallonke breed is very hardy and 
trypanotolerant. The main value of these small ruminants is the production of meat which is of 
excellent quality, not fatty.  

The coat colour can be monochromic (white or black), dichromic (black and white) or trichomic 
(black, white and brown) and varies from white, brown to black and spotted white. The Djallonke 
sheep is a hypo-metric, rectilinear and median-line animal. The horns are usually present in males, 
often absent in females. The ears are thin and narrow, dropping or semi-pendant (Geerts et al., 2009). 
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Sample collection and DNA extraction  

A total of 16 Ear blood samples were collected on FTA® cards from Djallonke sheep breed in 8 
localities of the western highlands of Cameroon. According to the simple random sampling method, 
individual animals were chosen based on the knowledge of local herdsman, to ensure that they were 
not closely related. DNA was extracted from these specimens using phenol/chloroform as described by 
Sambrock et al., (2001). Twenty reference sheep sequences were retrieved from Genebank, 
AY829388, DQ097443, DQ097445, DQ097447, DQ097449, DQ097451, DQ097452, DQ852286, 
DQ852287, AF010407, DQ852282, DQ852285,  DQ097460, DQ097462, DQ852283, DQ852284, 
DQ852288, DQ852289, DQ852280, DQ852281 (Mariotti et al,. 2013). 

Table 1: Accession numbers summary 

Accessions  Haplogroups  

AY829388, DQ097443, DQ097445, DQ097447, DQ097449, DQ097451, 

DQ097452, DQ852286, DQ852287, AF010407 

Haplogroup A 

DQ852282, DQ852285 Haplogroup B 

DQ097460, DQ097462, DQ852283, DQ852284 Haplogroup C 

DQ852288, DQ852289  Haplogroup D 

DQ852280, DQ852281 Haplogroup E 

Source:( Mariotti et al,. 2013)  

Amplification, purification, and DNA sequencing 

For amplification, the primers used according to the procedure of Luo et al., (2005) were: forward:5’-
GCCCCACTATCAACACCCAAAG-3’and reverse: 5’AATGGGCGATTTTAGA TGAGATG GC- 
3’. The PCR amplification reaction system consisted of genomic DNA 3µl, dNTPs 0.5 µl, primers 1.5 
µl, MgCl2 2.5 µl, Taq DNA polymerase (5U/µl) 0.2 µl. The reaction profiles included an initial 
denaturation at 95°C for 3 min, followed by 35 cycles, each consisting of 1 min denaturation at 94°C, 
1 min primer annealing at 64°C, 1 min extension at 72°C, and then a final 10 min extension at 72°C. 
The PCR products were electrophoresed through 2.0% (wt/vol) agarose gel which was stained with 
ethidium bromide solution. The amplified products were purified with a DNA purification kit 
according to the manufacturer’s instructions (TW-Biotech. CO., LTD.). The PCR products were 
purified and sequenced using Big Dye Terminator v3.1 cyclic sequencing chemistry and the 3130XL 
automatic capillary sequencer (Applied Biosystems, USA).  

  

a- Monochromic Djallonke 

sheep 

b- Dichromic Djallonke sheep 

Figure 1. Coat color polymorphism in Djallonke 

sheep 



Ntsoli et al, 2022 Genet. Biodiv. J, 6 (1): 72-79  

DO I: 10.46325/gabj.v6i1.200 

75 

Data analysis 

All chromatograms were generated, visualized and edited with the BioEdit 7.0 software (Hall, 1999). 
Multiple sequence alignments were performed using the ClustalW algorithm (Thompson et al., 1994) 
and manually edited in MEGA 6 (Tamura et al., 2011). Variations in the D-loop region were defined 
by direct comparison with the reference O. orientalis mtDNA sequence (Accession No. AF039579; 
Hiendleder et al,. 1998). Gaps in the aligned sequences were excluded from the analysis. The number 
of polymorphic sites, haplotype diversity, nucleotide diversity and average number of nucleotide 
differences were also estimated using Dnasp v5.10.01 software (Librado and Rozas, 2009) and 
Arlequin 3.0 (Excoffier et al., 2005). For the analysis of the structure and genetic relationships 
between individuals, the appropriate substitution model for the data set was determined using 
hierarchical likelihood ratio tests implemented in Mega 6 (Tajima and Nei, 1984).  The phylogenetic 
tree was constructed using the NJ (Neighbor-Joining) algorithm implemented in MEGA 6. To analyze 
the level of confidence that can be associated with each bifurcation, the NJ tree was reconstructed after 
1000 bootstrap replications. The best substitution model for the analysis of phylogenetic relationships 
was the "T92 :Tamura 3-parameter". 

Results 

Sequence polymorphism  

From the analysis of the sequences of the mtDNA D-loop, a total of 354 variable sites were observed 
across a 989 bp length fragment that generated 14 haplotypes. Mitochondrial DNA has been very 
widely used by Geneticists to analyze the phylogenetic relationships at inter- or intra- species level in 
cattle, swine, goats, and other species. It has also been used to investigate the genetic variation of 
species (Tanaka et al., 1996; Giuffra et al., 2000; Sultana et al., 2003; Sasazaki et al., 2006).  

The aligned sequences had stable regions in most of their sections. However, some regions appeared, 
with relatively high frequencies of deletion and nucleotide substitution. The haplotype diversity was 
1.0000±0.027 and the average number of nucleotide differences was 62.945 (Table 2) This finding is 
consistent with archeological data and other genetic diversity studies (Luo et al., 2005; Lei et al., 
2006; Wang et al., 2007).  

The nucleotide composition (Figure 2) of all the haplotypes was 31.48%A; 30.52%T; 21.92%C and 
16.08%G with a high dominance of nucleotides A and T. The nucleotide diversity was 0.11082±0.062. 
All the Djallonke sheep sequences in this study showed high haplotype diversity and nucleotide 
diversity meaning that there is a good genetic variability among them. The composition of the 
nucleotides in this study was similar to that of Meadows et al., (2007). Such genetic diversity may be 
caused by a rapid population growth (Meka et al., 2019), generations’ overlapping, mixing of 
populations from different geographical locations, natural selection favoring heterozygosis or 

Figure 2. Nucleotide composition of Djallonké sheep sequences 
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subdivision accompanied by genetic drift (Zhao et al., 2011; Djoufack et al.,2020) and accumulation 
of mutations from a population with a low effective population size (Meadows et al., 2007). 

The mean pair-wise genetic distance of all the haplotypes calculated using the Kimura 2-parameter 
model was 0.034. The values of the Tajima D: -2.23540 p< 0.01 and Fu FS statistics: -1.053 p= 0.00 
were negative and significant for all data. According to the negative Fu's test result, the samples of the 
Djallonke sheep ecotype of the western highlands of Cameroon had been subject to a recent 
population expansion. It was similar to the study of Mariotti et al., (2013). 

Table 2: Genetic diversity parameters of Djallonke mtDNA sequences 

Parameters Values 

N 15 

h 14 

Hd ± e.t. 1.0000±0.027 

K 62.945 

S 354 

Indels 40 

π ± e.t. 0.11082±0.062 

D -2.23540 p< 0.01 

Fu’s test -1.053 p= 0.00 

N: number of individuals sampled; h: the number of haplotypes; Hd: the haplotype diversity; K: the 

average number of differences; S: the number of segregating sites (excluding indels); D: Tajima0s D 

statistic; π: the nucleotide diversity. 

Phylogenetic analysis 

In this study, 24 widely-used models were investigated for phylogenetic analyses. Models with least 
Bayesian Information Criterion (BIC), Akaike Information Criterion (AIC) and Maximum Likelihood 
(ML) information indices were used for description of the best substitution pattern.  

At the end, Tamura 3 (T92) model was selected as the best model for phylogenetic studies. In order to 
assess the phylogenetic relationships, the neighbor-joining (NJ) and median-joining (MJ) dendrograms 
were generated based on the sequences obtained in this study together with the sequences from 
GenBank.  

Figure 3. Neighbor-Joining tree constructed 
from mtDNA haplotypes belonging to 
Cameroon Djallonke sheep, European, 

Japanese and Chinese sheep. 

Figure 4. Phylogenetic origins of Djallonke 
sheep 
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The major feature showed by the neighbor-joining tree (Fig.3) was the presence of different clades in 
the tree, which shows a high variability of Djallonke sheep sequences. In the Neighbour-Joining tree, 
mtDNA sample sequences were distributed throughout the tree with generally short branches and 
scarcely robust structure, indicating a recent origin of the diversity and suggesting a pattern of a 
relatively recent population expansion. These findings suggest a common origin and maternal 
evolutionary history due to human-mediated breeding (Lavery et al., 1996). 

All sample sequences belonged to the clade corresponding to haplogroup B. The fact that the sample 
sequences belonged to a classic haplogroup places the maternal origin of Cameroonian Djallonke 
sheep in Central Asia in haplogroup B. The results obtained in this study are in perfect agreement with 
those of Mariotti et al., (2013), where the affiliation of certain italian sheep breeds to the maternal 
lineage of haplogroup B was established on the basis of the analysis of mtDNA variations as in the 
case of the Djallonke breed in Cameroon 

The Median Joining network of Djallonke sheep haplotypes and haplogroup confirms that Djallonke 
sheep belong to haplogroup B, whose ancestral base is located in Central Asia. This observation is 
consistent with the results of Luo et al., (2004) and Hiendleder et al., (1998), in other sheep 
populations. The fact that Djallonke sheep belong to haplogroup B would confirm the hypothesis of 
Roger et al., (1999); Naderi et al., (2007) and (2008) and Pereira et al., (2009), according to which the 
domestication of African sheep was carried out in successive waves from Asia. 

Conclusion 

This study based on mtDNA D-loop assessment found that the Djallonke sheep of the western 
highlands of Cameroon had high genetic diversity and all belong to haplogroup B. This finding 
suggests a probable origin from the very first domestic sheep ancestors in Asia. They could have 
reached the country in several waves. Successive migration and relative selection could explain the 
current mitochondrial DNA variability. These results could enhance further and deep exploration 
using other molecular tools targeting some peculiar traits, and then imperative for better usage of 
Cameroon sheep genetic resources. The results of this study could have implications for managing 
improvement and long-term conservation of Cameroon Djallonke sheep. 
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