A WORD FROM OSWALD
PRESIDENT: NGUNI CATTLE BREEDERS’ SOCIETY

15 March 2022
Dear Nguni partner,
For quite some time now there has been a difference of opinion within the Nguni community about whether
Mashona cattle is an ecotype of Nguni or a separate breed. This resulted in the public questioning whether
the Mashona is classified as a pure Nguni. To some people, it appeared that the Nguni Cattle Breeders’
Society does not accept Mashona as part of the Nguni breed.
However, the Society has never made a statement like this, as far as we could determine.
To address the issue, the Council decided to conduct a restricted genomic study on the relationship between
the Nguni and the Mashona. The results were fascinating. And definitive: the Mashona is an integral part of
the Nguni breed.
We believe that the Nguni breed, the Mashona ecotype, and the breeders of these animals will greatly
benefit from the results of the genomic study conducted by Dr. Bobbie van der Westhuizen and his team from
the genetic and advisory services of SA Studbook.
This study investigated the Mashona breed at a genomic level to determine where the breed clusters when
compared to the Nguni breed as well as other Sanga-type breeds (Mashona is categorised as a Sanga-type
breed). Three different scenarios were analysed:
• First, the gene pools of 10 Mashona genotypes and 381 Nguni genotypes were compared using the
Geneseek Genomic Profiler (GGP) array.
• In the second study, the gene pools of three other Sanga-type breeds were added to the study – 2,604
genotypes were analysed.
• For the final scenario, the Zebu-indicus breed was added to the study, resulting in the analysis of 3,062
genotypes.

In each scenario, researchers found that the Nguni and Mashona genotypes clearly clustered together. The
fact that the two animals do not cluster separately is a clear indication that they share similar genetic makeup.
What’s more, neither of these breeds’ gene pools clustered this closely with the other breeds investigated;
this shows that while Nguni and Mashona share their ancestry with Sanga breeds, the genomes are closer
related to each other than to the Zebu and other Sanga breeds analysed in this study.
This led to the conclusion that the Mashona is indeed an ecotype of Nguni and not an individual breed, as
clearly illustrated in the below graphs.
Figures 1 & 2: Scenario 1 of only Mashona (black dots) and Nguni (light blue dots) breeds

Figure 3: Clusters described in Scenario 2 (Sanga 1: green; Sanga 2: orange; Sange 3: red; Nguni: light blue;
Mashona: black)

Figure 4: Scenario 3; colours represent the same breeds as in Figure 3, with the addition of the Zebu gene
pool in yellow

Therefore, today, we would like to announce that the Nguni Cattle Breeders’ Society accepts the Mashona
ecotype as an integral part of the Nguni breed. As this is now our official policy and position, we sincerely
apologize to any breeders affected if at any point council members of the Nguni Breeders’ Society spread
news to the contrary.

A detailed record of the study and its results is attached for further perusal.
I am excited to hear our fellow breeders’ insights on this study and to see how it will impact Nguni cattle
breeding in South Africa.
Regards,
Oswald Jannasch

An investigation of the Mashona breed at a genomic level using principal component analysis
Reding J.J. & van der Westhuizen R.R.
Introduction
Mashona cattle originated from the Shona people of eastern Zimbabwe and are classified as Sanga
type. They are bred in a wide spreading territory covering most of the eastern half of Zimbabwe and
an adjoining region of Mozambique that is free of the tsetse fly. This breed is reared for meat
production, and it is said they make docile working animals. A herd book was established in 1954,
after a decade of selection for beef production and polledness. The breed is usually black or red and
most are polled.
An investigation into the Mashona breed at a genomic level was requested to identify where the
breed clusters with regards to the Nguni breed as well as other Sanga-type breeds.

Materials and Methods
A total of 10 Mashona cattle genotypes were obtained on the Versa 50K SNP array. This chip
contains a total of 49 749 single nucleotide polymorphisms (SNPs). These were extracted and
converted into MAP & PED files in order to undergo quality control. A three-dimensional (3D)
“Genebox” (Reding et al, 2021) analysis was undertaken under three different scenarios.
Scenario 1
Here the 10 Mashona genotypes were merged with 381 Nguni genotypes. The Nguni genotypes
were obtained via the Beef Genomics Project (BGP) and were done using the Geneseek Genomic
Profiler (GGP) 150K SNP array. Thus, a total of 391 genotypes were in this scenario.
Scenario 2
In this scenario, the Nguni and Mashona genotypes were merged with three other Sanga breeds.
Sanga Breed 1 consisted of 308 Genotypes on the GGP 150K SNP array. Sanga Breed 2, also only
done on the GGP 150K SNP array and consists of 226 animals. Sanga Breed 3, with a total of 1 679
genotypes from multiple SNP arrays. These include the GGP 150K, GGP 80K, the IDB v3 as well
as the Versa 50K. These were merged into one analysis which consisted of a total of 2 604
genotypes for Scenario 2
Scenario 3
Genotypes from Scenario 2 were collated with a Zebu indicus breed. A total of 458 animals, on the
GGP 150K SNP array, from this breed-type were included. This resulted in an analysis consisting of
a total of 3 062 genotypes.
In all three scenarios, the common autosomal SNPs between the various SNP arrays were identified
and extracted using Plink (Purcel et al, 2007). This resulted in a total of 24 215 SNPs that were used
for downstream analysis. In order to generate the 3D “Genebox”, a genomic relationship matrix
(GRM) was created using Genome-Complex Trait Analysis (GCTA) software (Yang et al, 2011). A
principal component analysis (PCA) using the first three independent components was conducted
using GCTA. Animals of specific breed-types, e.g., Mashona, Nguni and other included breeds,

were appropriately split. The “Genebox” was visualised, and breed-types were colour-coded in
RStudio using associated R-packages. The Mashona animals were colour-coded with black, the
Nguni’s as blue. The three different Sanga breeds were coded as orange (Breed 1), red (Breed 2)
and green (Breed 3) with the Zebu indicus type being yellow respectively.
Results and Discussion
Scenario 1
A total of 10 Mashona animals, which were colour-coded black, and 381 Nguni animals which are
colour-coded as blue. As seen in Figures 1 and 2, the Mashona and Nguni animals cluster
distinctively together in one large cluster. As these animals do not cluster separately this is an
indication that they share a similar genetic composition.
Figures 1 and 2: Scenario 1 of only Mashona and Nguni breeds.

Scenario 2
In Scenario 2 we introduced 3 distinct Sanga breeds into the analysis, where a total of 2 604 animals
were included. As seen in Figures 3, 4, and 5 there are distinct clusters. The three Sanga breeds
form the orange, green and red clusters with the Nguni breed, in blue, clustering in the middle. Here
we see the largest genetic diversity within the green cluster. Once again, the Mashona animals
cluster with the Nguni breed. As there are obvious clusters of the distinct Sanaga types, yet there is
no distinct clustering between the Nguni and Mashona breeds, this indicates a similarity in genetic
composition.

Figure 3: ”Genebox” of clusters described in Scenario 2 (2 604 animals)

Figure 4: Different angle of Scenario 2. Here you see the Nguni and Mashona's distinctively
clustering in the middle.

Figure 5: Zoomed in on Scenario 2 to indicate the black dots (Mashona animals) cluster together
with the blue dots (Nguni animals).

Scenario 3
In Scenario 3 we added a Zebu Indicus type breed which we marked as yellow. This increased the
variation in genetic composition and allowed for a greater analysis of genetic differences between
all the animals in the dataset. As can be seen in Figures 6 – 8, the distance between the Sanga breeds
increased due to a data structure that allowed for the identification of genetic differences.
Figure 6: A ”Genebox” with the 3 Sanga breeds, the Zebu Indicus breed (yellow) and the Mashona
and Nguni animals (3 602 genotypes)

Figure 7: Here we see distinct clustering.

Figure 8: A different angle to illustrate the distinct clustering and what can be seen is that the
Nguni and Mashona animals cluster together.

An interesting observation was noticed between all the Scenarios above. In Scenario 1, the Mashona
genotypes were seen to cluster directly in the centre of the “Genebox” with all the Nguni animals
surrounding them. In Scenario 2 and 3 we start to observe a few of the Mashona animals starting to
appear on the outskirts of the Nguni cluster. This can be attributed to the increased number of
animals between the analysis, where Scenario 2 and 3 have over 2 000 more animals. This change
in the data structure allows for the analysis to be more accurate at identifying the true principal
components and identifies the genetic differences between the animals with higher degrees of
freedoms. The list of animals below indicates the animals that cluster on the periphery of the Nguni
cluster. These five animals JLS120072, JLS140015, JLS150004, JLS150007 and JLS170010,
respectively. These animals mainly differ on the third principal component but not much on the first
and second components. Therefore, they cluster in the same cluster as the Nguni animals but are
spread out on the Z-axis. Similar to what is being seen in the orange colour-coded Sanga breed (See
Figure 8). Differential clustering is an indication that animals may belong to different herds or lines
within a herd due to the use of different sires.
Conclusion
The level of distinct clustering between the specific Sanga and Zebu breeds indicates differences at
a genetic level and infers unique breed ancestry. The lack of separate clustering between the Nguni
and Mashona animals is indicative of a shared breed ancestry and genetic similarity.
References
http://afs.okstate.edu/breeds/cattle/mashona/index.html/
Purcell, S., Neale, B., Todd-Brown, K., Thomas, L., Ferreira, M.A.R., Bender, D., Maller,
J., Sklar, P., de Bakker, P.I.W., Daly, M.J. & Sham, P.C., 2007. PLINK: a toolset for
whole-genome association and population-based linkage analysis.

Reding, J.J., Theron, H.E., & van der Westhuizen R.R., 2021. Genebox: A three-dimensional tool to
visualise cattle breed differences through principal component clustering. South African Society for
Animal Sciences 51st Congress.
Yang, J., Lee, S.H., Goddard, M.E. & Visscher, P.M., 2011. GCTA: a tool for genomewide complex trait analysis. Am. J. Hum. Genet. 88, 76–82

