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Summary

Brazilian hair sheep possess a substantial genetic diversity among sheep breeds
worldwide. These locally adapted sheep for the harsh environment of the Brazilian
Northwest (semi-arid) maintain traits that are important for this region, such as parasite
resistance, heat tolerance and high pelt quality. Genotypes (50K SNP chip) from seven
Brazilian sheep breeds (5 hair and 2 coarse wool types) and 87 worldwide breeds were
used to verify population structure, admixture and genetic diversity, using PCA and
ADMIXTURE analyses. We constructed a phylogenetic tree and evaluated migration
events between genetic groups using TREEMIX software. Somalis, a fat-tailed breed,
was the unique breed with high relationship with East African breeds and formed a
distinct cluster from other Brazilian breeds. Barriga Negra had a clear relationship with
Barbados Blackbelly, which appeared as another group. Other Brazilian breeds seem to
form a further genetic group with some recent admixtures. Morada Nova remained as a
separate group, not showing a strong relationship with European or African breeds.
Rabo Largo and Morada Nova share a common ancestor. Somalis and Rabo Largo are
the most endangered sheep genetic resources in Brazil. Bergamasca and Santa Inês
shared an important genetic background. Santa Inês animals came from an admixed
population and recently received introgression from Suffolk animals. The genetic
conservation efforts for these breeds is essential due to the specific traits and genes that
these animals may carry, which would be useful to face further environmental
constraints to commercial production.
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Introduction

There are no specific registers of sheep being taken to Brazil from Europe (McManus et
al., 2010). It is probable that colonizers (mainly Portuguese and Spanish) brought
animals with lower quality wool to the Latin America (New World). Other animals may
have come from Africa (mainly Angola and Nigeria) with the slave trade.

Sheep in Latin America underwent natural selection for almost five centuries,
acquiring specific adaptive traits (such as parasite resistance, rusticity and prolificacy)
(Mariante & Egito, 2002). Brazilian hair breeds (Santa Inês, Morada Nova, Somalis,
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Barriga Negra and Rabo Largo) initially were reared in the Northeast region of Brazil,
in a hot and dry climate, and some are considered parasite resistant.

These local genetic resources have been jeopardized by the introduction of exotic
breeds, often considered more productive and profitable. Therefore, the characterization
of the genetic structure of these breeds is imperative for the preservation of these
valuables genetic resources and developing viable conservation strategies.

Our study attempts to establish the main origin of Brazilian breeds, evaluating
their European and/or African ancestry. We analyzed a data set composed of animal
genotypes of Brazilian hair sheep breeds and worldwide breeds using the 50K SNP
chip. We aimed to verify the population structure, admixture and genetic diversity of
Brazilian hair breeds and their relationships with breeds worldwide.

Materials and methods

Our initial data had genotypes of 4,014 animals in total, of which 1,149 animals were
sampled in Brazil, 46 animals from Algeria presented by Gaouar et al. (2017) and 2819
animals from the Sheep HapMap project - ISGC (International Sheep Genomics
Consortium) presented by Kijas et al. (2012). All genotypes were obtained with the
OvineSNP50 BeadChip (Illumina, San Diego, CA). Initially, data was filtered using the
following parameters in order: call rate per marker (<95%), minor allele frequency
(MAF) <0.01 and sample call rate < 90%. Quality controls were performed using
Golden Helix SNP & Variation Suite software v. 8.6.0 (Golden Helix Inc., Bozeman,
Montana, USA).

We limited the number of animals per breed to a minimum of 5 and maximum of
50. Sample location diversity was maintained with the Brazilian breeds. The final data
set had 2,549 animals (with 47,480 SNPs) from 94 breeds. Linkage disequilibrium (LD)
pruning was used with the following parameters: window size of 50 SNPs with window
increment equal to 5 SNPs. The LD statistic and threshold used was r² > 0.5, using
Composite Haplotype Method (CHM).

A Principal Component Analyses (PCA) were conducted to visualize the breeds
with higher relationship with Brazilian breeds. The parameters were set to find the first
10 components, normalizing each marker data by their actual standard deviation,
utilizing an additive model. After two PCA, 66 breeds were removed from analysis,
with 28 breeds with 490 animals remaining (Figure 1).

Genetic relationships among breeds were evaluated through a model-based
clustering algorithm implemented in the software ADMIXTURE v. 1.3.0 (Alexander et
al., 2009). The cross-validation procedure (10-fold) estimate prediction errors for each
K value (2 to 30). Coefficients of membership to each K cluster were visualized using
the on-line CLUMPAK server with DISTRUCT for many K’s (Kopelman et al., 2015).

The tree-based approach was used to reconstruct historical relationships between
the analyzed populations and to test for the presence of gene flow using TREEMIX
software (Pickrell & Pritchard, 2012). The TREEMIX program was run on the dataset
with animals classified in 29 breeds or populations. The previous 28 breeds used were
joined with the Soay breed, used as a root. A variable number of migration events (M)
(0, 1, 2, 3, 4, 5, 10, 20, 30, 40 and 50) were tested.

Results and Discussion

The final PCA with 28 breeds (Figure 1) demonstrated a relationship between
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Somalis (BSO) and some African breeds. The Morada Nova breed (BMN) was seen
isolated in both components. Santa Inês (BSI), Rabo Largo (BRL), Pantaneira,
Bergamasca, Barriga Negra (BBN), Suffolk, Comisana, Barbados Blackbelly and St.
Elizabeth were seen as relatively close.

The results of ADMIXTURE showed, at K=3, African, European and Brazilian
components in genetic structure of the populations (Figure 2). Kijas et al. (2012) also
found that sheep from the Americas (Brazil and Caribbean) cluster separately from
European, African, or Asian populations. At K=16 (the lowest prediction error), BSO,
BRL, BBN and BMN differentiated from other groups and between themselves.

The inferred tree with 29 breeds in TREEMIX software (Figure 3) showed BSO
in an African branch, next to Red Maasai and Ethiopian Menz. BBN remained close to
the Barbados BlackBelly as observed in other analyses. Other Brazilian breeds formed a
separate branch and Algerian breeds grouped together on another branch. With four
migration events, a contribution of Afrikaner breeds ancestor to BRL constitution is
highlighted. Also, some migration events between Brazilian breeds can be seen, such as
BSO to BMN and BRL ancestor, and from this ancestor to BBN.

BSO and BRL are fat-tail hair breeds, and seem to have different origins.
Brazilian Somalis was close to African breeds in all analyses, while Rabo Largo
remained close to other Brazilian breeds. Both breeds represent unique genetic
architecture in cluster analysis, forming an exclusive cluster from K=4 for BSO and
K=14 for BRL. These results may be related to the small number of animals remaining
in each breed (McManus et al., 2014) and, consequently, the strong genetic drift
suffered in both cases.

Rabo Largo shares a common ancestor with Morada Nova (Figure 3), which is
expected as both are reared in similar regions (McManus et al., 2014). BRL received a
migration from Afrikaner breeds, justifying the fat-tail phenotype. BRL animals are
reared in the hottest climate with the lowest precipitation index and had the lowest
number of flocks and the lowest distance from mid-point of breed occurrence
(McManus et al., 2014). These previous findings with the unique genetic structure
observed here highlights the need for genetic conservation efforts for this breed.

In the cluster analysis (Figure 2), BMN breed appear in a specific cluster.
Spangler et al. (2017) showed a relationship between Morada Nova and a Nigerian
breed (Djallonke), disclosing the possible west African origin of Morada Nova. More
studies with other African breeds should be conducted to uncover the Morada Nova
origin.

Santa Inês is the main commercial hair breed in Brazil and its origin is still
unknown (McManus et al., 2014). Here, BSI showed some admixture with Bergamasca,
Pantaneira, Rabo Largo, Comisana and Suffolk. The Bergamasca (Italian breed) is
clearly the main composition of the BSI animals. There is no specific records about the
importation of this breed to South America, so little is known about their arrival and
rearing in Brazil. Bergamasca is known to have been used for crossbreeding in many
European countries because of its large frame (Ciani et al., 2014). Probably,
Bergamasca was used for crossbreeding with locally adapted sheep in Northwest,
aiming to increase the size of the animals and them backcrossing to hair breeds was
carried out avoiding animals bearing wool. The backcrossing of Bergamasca animals in
Brazil is also a possibility, which would be produced animals better adapted to the hot
climate.

Carneiro et al. (2010) and Paiva et al. (2005) stated a possible recent
crossbreeding of Santa Inês with meat-selected breeds, mainly Suffolk. This hypothesis
can be confirmed here as the BSI genetic structure has a contribution from Suffolk.
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Conclusions

Somalis breed represents an East African group within the Brazilian hair breeds, related
to Red Maasai, Ethiopian Menz and Afrikaner breeds. Barriga Negra had a clear
relationship with Barbados BlackBelly. Morada Nova has a unique genetic structure,
which was shared mainly with Santa Inês and Rabo Largo. Bergamasca and Santa Inês
shared an important genetic background. Santa Inês animals came from an admixed
population and recent introgression with Suffolk animals. Genetic conservation efforts
for these breeds are necessary due the specific traits and genes that these animals may
carry, which would be useful to face further environmental constraints to commercial
production.
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Figure 1. Principal component analysis (PCA) using genomic data of 28 breeds
genetically close to Brazilian hair sheep breeds. The number between parentheses in
each axes means the amount of the variance explained by each eigenvector (EV).
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Figure 2. Clustering performed with ADMIXTURE software on genotypic data from 28
sheep breeds (K, number of clusters, from 2 to 16).

Figure 3. Inferred trees from 29 sheep breeds using TREEMIX software simulating 4
migration events and using Soay breed as root.


