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Summary

The on-farm performance of dairy cattle is largely determined by the genotype (or breed type)
being used as well as the management practices employed. A majority of smallholder dairy
farmers in East Africa do not know the breed type of their animals because there is no systematic
breeding and recording system, such that dairy cattle are highly admixed owing to indiscriminate
crossbreeding. In the present study, 839 crossbred dairy cows genotyped at 150,000 SNP loci
were evaluated to determine their breed composition. Target animals were randomly sampled
from two major dairying regions in Tanzania, namely Rungwe and Lushoto districts. Results
indicate large within-population genetic diversity with a high degree of variation in admixture.
The admixture ranged between 7% and 100% taurine ancestry (dairyness) and consisted mostly
of Holstein-Friesian genes. Importantly, despite Lushoto and Rungwe having similar agro-
ecological landscapes, there was a significant difference (p < 0.001) in the proportion of
dairyness, with cows in Rungwe and Lushoto districts averaging 78% and 56%, respectively.
Overall, this study demonstrated the utility of SNP markers in determining breed composition of
animals in-situ for smallholder dairy systems and allows performance evaluation to be carried
out in the cattle’s extant production environments. The results obtained will be critical in
shaping breed development in the emerging dairying regions of Tanzania, not only in terms of
broadening the genetic base of the breeds in use but also in obtaining animals with increased
performance.
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Introduction

Dairy farming is an important economic activity in the livestock value chain, playing a
significant role in the socio-economic well-being of smallholder farmers in Tanzania. However,
farmers operating in this sector are faced with numerous challenges, the main one being the low
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genetic potential of the available cattle that results in poor yields.
Typically, for breeding purposes, farmers use exotic commercial dairy bulls on their local

indigenous cows, either through artificial insemination (AI) or natural mating, in a bid to obtain
higher milk yields. However, due to unavailability of reliable AI services as well as other
structural and infrastructural deficiencies, farmers are usually forced to use nondescript bulls,
where and when available for breeding. This unplanned crossing has led to highly admixed
populations, and this often complicates efforts geared towards improving animal performance,
considering a production landscape replete with poor record keeping. Presently, significant
knowledge gaps remain on this area due to limited research studies. This study sought to
characterize the breed composition of dairy cattle owned by smallholder farmers in two high
potential dairy regions of Tanzania, to understand the breeds in use in the two regions, as well as
facilitate accurate performance evaluation of the populations.

Materials and Methods

Study site and sample collection

The study was undertaken in two major dairy districts of Tanzania, namely Rungwe and Lushoto
located in the Southern and Northern highlands, respectively. A total of 654 households were
surveyed and 839 cows were purposively sampled.

Genotyping and quality control

Samples were genotyped at Geneseek (Neogen Corporation, Nebraska, USA) using the
Geneseek Genomic Profiler (GGP) High Density (HD) SNP array consisting of150,000 SNPs.
Data quality control was undertaken as described in Perez O’Brien et al. (2015) using PLINK v
1.9 (Purcell et al., 2007).

Population structure and admixture analysis

Principal component analysis (PCA) was used to describe the genetic structure of the study
population whereas the unsupervised model-based clustering method implemented by the
program ADMIXTURE v. 1.3.0 (Alexander et al., 2009) was used to estimate the breed
composition of individual animals using 129,971 markers that remained after quality control.
Reference genotypes for breed composition assignment included European taurine breeds:
Friesian (28 samples), Holstein (63), Norwegian Red (17), Jersey (36) and Guernsey (21)
breeds; African taurine breed (N'Dama (24)) and two indicine breeds; East African Shorthorn
Zebu (50) and Gir (30)). Differences between breed admixture levels for the two study sites were
estimated using a fixed effects model in SAS v 9.2 (SAS institute, Cary, NC). The model used
was as follows:

(1)

where yij is the estimated taurine proportion for each animal, µ is the overall mean and Site is the
fixed effect of the study site.



Results and discussion

Principal component analysis

Principal component 1 (PC1), accounted for 43.7% of the total variation whereas the second
component (PC2) explained 9.5% of the total variation (Figure 1). Tanzanian samples dispersed
along the PC2 coordinate clustering intermediate between East African Shorthorn Zebu and
Friesian breeds, suggesting that they are not only highly admixed but also mainly crosses of
Friesian and the East African Zebu. A larger proportion of the animals from Rungwe
clustered closer to the European taurine breeds (mostly the Friesian breed) compared
to those from Lushoto, suggesting a higher exotic admixture in cattle from Rungwe
relative to Lushoto.

Figure 1. Principal Component Analysis plot showing clustering of Tanzanian crossbred cattle
and reference breeds. Each point represents an individual animal colored as per the breed. The
Tanzanian crossbred cattle are labeled separately for the sampling locations; Rungwe (green)
and Lushoto (red). Reference breeds are described in materials and methods section of the
article.

Admixture analysis

ADMITURE run K=7 (Figure 2) best described study population following inspection of cross-
validation error and understanding of the study population. Based on K=7, it was clear that most
animals were predominated by crossbreds of Holstein-Friesian and Red breeds (which formed a
single cluster in the ADMIXTURE plot). These breeds contributed on average 50% of the total
genes in the crossbred animals. The predicted absolute exotic breed gene content in the crossbred
cattle varied from 7% to 100%. Rungwe cattle had significantly (p < 0.001) higher levels of
taurine admixture (mean 78.3 ± 13%) compared to those in Lushoto (mean 56.4 ± 16%). The
predicted Guernsey signature in Rungwe and Lushoto cattle was low, averaging 4±3% and
8±3%, respectively. Unlike in other East African crossbred cattle, the N’Dama signature was
very low, estimated at 4.5±1% in Rungwe and 0.7±0.08 in Lushoto. This may imply that more
variants derived from African breeds are required in order to properly characterise the African
taurine signature in crossbred cattle. The Jersey introgression was very low averaging 3±3% in
both study sites.



Figure 2. ADMIXTURE bar plot showing breed proportions at assumed ancestries (clusters)
K=7. Tanzanian crossbred cattle populations are divided according to the sampling locations as
Rungwe and Lushoto. Reference breeds (represented by the initials) are described in materials
and methods section of the article.

The results from the admixture analysis demonstrate the narrow range of breed types
used by farmers in the study sites. The dominance of Holstein-Friesian breeds over other cattle
breeds suggests a high trait preference for milk yield. However, it is not clear why there is
almost a complete absence of smaller-bodied dairy breeds (Jersey, Ayrshire, and Guernsey)
which have lower nutritional demands and higher production efficiency, characteristics that
would make them more appropriate for smallholder production settings (Bebe et al., 2003).
This reversal of breed preference reflects poor access to breed choices available to farmers. A
scheme for appropriate sire selection that matches farmer production system ought to be
instituted.

Rungwe and Lushoto have similar agro-ecological climates owing to their location in
high altitude zones. As such, dairy cattle are expected to thrive there and minimal differentiation
in breed composition between the two sites should be observed. However, the sites differed
significantly in average dairyness (proportion of exotic genes). This difference can be attributed
to many site-specific influences such as socioeconomic factors prevailing in each region and the
dairy market orientation. A more in-depth study is required to further distil the cause of the
difference in the breed compositions between the two study sites.

The breed composition of the Tanzania cattle reflects the current upgrading strategies in
place to increase the dairyness of local cattle in a bid to increase milk yield. However, this
upgrading is largely unplanned and leads to nondescript animals with high genetic variation as
observed here.

Conclusion

The results of this study demonstrated that there is a narrow range of breeds in use,
with most animals being crosses of Holstein–Friesian and local zebu. Based on the huge
range of admixture observed, it is clear that indiscriminate crossbreeding is yielding
animals with a wide range of admixture, which may complicate management practices
and consequently reduce the yield obtained from these animals through mismatch of
breed type and production environment. It is important that a scheme for planned
crossbreeding be put in place to maximize productivity in the smallholder dairying
system. These results will be useful as a first step in developing performance evaluation
systems, especially given the lack of information on the pedigree and level of crossing.
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