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Local Brazilian goat breeds comprise six main groups (Moxoté, Canindé, Repartida, Marota, Gralna, and Azul) and the
non descript group derived from crosses.

Local Brazilian goat breeds is a vital genetic resource because they represent the main source of animal's protein to local
smallholder communities in the Brazilian semiarid.
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| Local 1. Introduction

Many domestic species originating in Europe were introduced to America in the colonial period. Brazilian goat breeds are
derived mainly from Portuguese settlers with animals since the 16th century 2, The Brazilian goat breeds were
developed in the national territory due to natural and artificial selection promoted by smallholders, emphasizing the
morphology and fitness traits and other associated processes like genetic drift . They developed unique traits such as
rusticity, prolificacy, and disease resistance [, becoming a vital economic resource to household communities.

In addition to early Iberian introductions, Asian breeds (Bhuj, Jamnapari, Mambrina, and Angora) were introduced.
Recently, goats of European breeds (Alpine, Saanen, Toggenburg, and Murciano-Granadina) and African breeds (Anglo-
Nubian and Boer) have been imported into Brazil to improve milk and meat productions.

Brazil has more than ten million goat heads, according to FAOSTAT !, Approximately 90% of the national herd consists of
animals with no defined breed pattern (NDBP) originating from indiscriminate crossbreeding between foreign and local
breeds. However, there are two officially recognized local breeds (Moxot6 and Canindé), and other local ecotypes
(Serrana Azul, Repartida, Marota, Gralna, and Gurguéia) named according to their origin region or a particular trait.
Otherwise, since 2015, these genetic resources are officially recognized as locally adapted breeds, local, or
autochthonous breeds (Biodiversity Law. Law No. 13.123/15) &I, According to a new international breed classification
system, local breeds occur only in one country 4.

The local Brazilian goat breeds Moxot6, Canindé, Serrana Azul, Marota, Repartida, and Grauna, are animals of multiple
functions and adapted to the climatic conditions and smallholder farming systems. They are rustic animals with less
nutritional requirements, raised extensively, and survive in areas where they predominately forage foe food with low
nutritional value, unsuitable for foreign breeds. These breeds are the only source of animal protein for low-income
populations in the semiarid northeast. Despite the historical and social importance of these breeds, they have been
undervalued for decades due to their low contribution to the national economy and their concentration in the most
impoverished Brazilian region. This fact has contributed to limited scientific knowledge about these valuable genetic

resources.

Another risk factor is that in the last years, the introduction of highly specialized foreign breeds in the Brazilian herds has
caused a fast replacement and genetic erosion of the local ones, as observed by [ and [, This situation requires
conservation programs to protect the remaining genetic diversity in these local populations. Since the maintenance of
these breeds is essential to guarantee an appropriate level of livestock biodiversity and the smallholder family’s
maintenance.

Accurate knowledge of genetic resource diversity is fundamental for properly targeting conservation strategies and using
these resources. Genetic characterization of animals through molecular markers had it shown efficient to quantify genetic
variation in different populations.



| 2. Results and Discussion

Genetic variation within breed and fixation index (Fis) of Brazilian goat breeds are presented in Table 1. All populations
showed an average allele number of over six. The mean observed heterozygosity for Brazilian breeds was higher to 0.50.
These results demonstrated the high genetic diversity in the studied populations with values ranging from 0.53 (Serrana
Azul) to 0.62 (Repartida). The expected average heterozygosity followed the same trend ranging from 0.58 (Serrana Azul)
to 0.65 (Repartida), and the values obtained are very similar for all six breeds. The fixation index (Fis) had values under
10% except for the Moxoto breed (13%).

Table 1. The number of samples (n), the average number of alleles (Na), average observed heterozygosity (Ho), the
average expected heterozygosity (He), and Fs values of the Brazilian breeds.

Populations n Na Ho He Fis (IC = 95%)
Serrana Azul 55 6.22 0.53 0.58 0.06 (-0.01-0.09)
Moxot6 60 6.29 0.55 0.62 0.11 (0.06-0.15)
Marota 68 6.07 0.58 0.61 0.04 (-0.02-0.07)
Canindé 50 6.15 0.60 0.64 0.05 (-0.01-0.08)
Repartida 52 6.70 0.62 0.65 0.07 (0.02-0.09)
Gralna 47 6.56 0.61 0.62 0.03 (-0.03-0.07)
Overall 332 6.32 0.58 0.62

The mean expected heterozygosity (He) of all Brazilian populations was over 0.50. The Serrana Azul was the breed with
the lowest value (0.53). The matrix of D genetic distances 8! among Brazilian breeds and Fsr among population pairs
are showed in Table 2. The smallest genetic distance observed was between Serrana Azul and Grauna breeds, and the
highest genetic distance between Serrana Azul and Canindé breeds. This situation was similar to the Fgt values.

Table 2. Matrix of genetic distance DA between pairs of Brazilian breeds (below diagonal) and Fst between pairs of
populations (above diagonal).

Populations Serrana Azul Moxoté Marota Canindé Repartida Gratlna
Serrana Azul 0.084 0.087 0.105 0.104 0.036
Moxoto 0.124 0.072 0.045 0.051 0.073
Marota 0.143 0.110 0.097 0.082 0.066
Canindé 0.145 0.100 0.144 0.047 0.089
Repartida 0.140 0.086 0.121 0.097 0.085

Grautna 0.082 0.130 0.130 0.144 0.139



The average DA among all populations was 0.122, which indicates a clear split of the different Brazilian breeds as
confirmed by the average FST value (0.075). The differences can be observed in the dendrogram built through the
UPGMA method (Figure 1). Two different groups were identified: the first formed by Repartida, Moxotd, Canindé, and
Marota. Serrana Azul and Grauna formed the second group. The Bootstrap values ranged from 0.59 to 0.95, showing the
degree of confidence in the topology.
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Figure 1. UPGMA dendrogram of Brazilian breeds, based on D, distance [,

The numbers on the nodes are percentage bootstrap values from 1000 replications of resampled loci. The factorial
analysis (Figure 2) showed more than 54% of the total variation in the two first axes, indicating high confidence and
genetic relationship among populations. A study conducted using 13 microsatellites with six indigenous Iranian goat
populations observed two main groups based on the phylogenetic tree and FCA analysis &,

Figure 2. Spatial representation of Brazilian breeds using factorial correspondence analysis.

Ibnelbachyr et al. 29, evaluating the genetic differentiation of Moroccan goat breeds using 12 microsatellite DNA markers,
found 64% of the total variation in the first three factors, whereas Bulut et al. 11! evaluating the genetic diversity of eight
domestic goat populations raised in Turkey with 11 microsatellites loci, obtained 47% of the total variation of the first three
factors.

The average number of alleles was higher than those found in different studies with goats in several regions globally,
including some breeds in the Americas 12 and the Chinese breed of Daiyun goat 3. However, the highest number of
alleles was reported above 7 in other goat populations in Turkey 1 Marrocos 9, and Saudi Arabia 14!, The higher
number of alleles presented by these studies, according to the authors, is justified by the gene flow, the location of the
countries on migration routes, and the proximity of the initial centers of domestication, being the vast allelic diversity found
very useful for selection. Differences in the mean number of alleles can also be influenced by the sample size and the
number and type of microsatellites used.

Recent studies evaluating the genetic diversity of Brazilian goat breeds using microsatellite markers observed high levels
of observed and expected heterozygosity and suggested substantial genetic diversity in the evaluated breeds.

The average heterozygosity observed in our study was higher than that reported by Silvestre et al. 23 (0.385) in Nubian
goats in Brazil. On the other hand, Hossam Mahmoud et al. 4] obtained mean heterozygosity higher than 0,91, in the
local Saudi Arabia goat breed.

According to Jianmin and Wenbin 28 in improved breeds, introgression and gene exchange are widespread, mainly
increasing heterogeneity in the population.



Only in the Moxot6 breed, the Fs value was higher than 0.10. The F;s values in the studied populations shown genetic
homogeneity. The high F;g value in the Moxot6 breed (0.13) may be due to structure with subdivision into herds and low
gene flow among the herds. Our samples were collected from four different herds that were geographically and
reproductively isolated, and each of these populations is generally closed with a reduced number of sires, which favors
inbreeding. In conservation programs, inbreeding levels should be taken into account, mainly when the same male is used
for a prolonged period.

The low Fis values obtained in our study were contrasting with those found by other authors in goat populations [L2I17I[18]
[29]

The degree of genetic differentiation (Fst = 0.075) among all populations was predictable, recent studies have already
indicated this degree of differentiation of our Brazilian goats [, and Frankham et al. [29 suggest that Fgt values between
0.05 and 0.3 are typical of differentiated livestock breeds. In the European goat breeds, the Fgt lies around 5%.

The genetic makeup of the Brazilian goat breeds has been influenced by breeds of the Iberian Peninsula and even West
African 221(22]23]  nromoting gene flow between the Iberian Peninsula, northern Africa, and the Canary Islands and

Cape Verde [241123126]  cyrrently, Brazilian goat breeds are genetically distinct with a clear differentiation even from their
possible ancestors EI271(28]29]

As pointed out before, the Brazilian goat herds are very concentrated in one specific region, so that gene flow among
breeds must be shared, especially considering that the herd book is either not ongoing or is very rudimentary. Despite
this, close breeding management produces some “family” effect within breeds. In general, the average number of alleles
and the mean heterozygosity obtained in this work suggest a high genetic diversity within the Brazilian goat breeds. These
breeds are also targeted to crossbreeding with exotic and with each other Brazilian local goat breed, as reported by
Rocha et al. (8],

The use of crosses within the local breeds is widespread in Brazil, as observed in our research (Figure 1). Those with the
exotic breeds were sufficient to consider establishing a genetic conservation program for Brazilian indigenous goat
populations.

Therefore, efficient herd management is vital to the conservation of these genetic resources by avoiding breeding with
related individuals, exchanging individuals among herds, and increasing the effective number.

The UPGMA dendrogram (Figure 1) constructed with the Dy genetic distance values grouped Serrana Azul and Graudna
and performed another group joining Moxotd, Repartida, and Marota. The proximity of Moxoté and Repartida could be
explained by the genetic composition of the Repartida ecotype, which arose by segregation within Moxoté, differing only in
coat color.

Despite the geographical distance among the Moxoté and Canindé, these breeds probably shared the same gene pool.

The correspondence factorial analysis showed the same distribution of the populations, but in this case, the Marota and
Canindé breeds were distant from the others. It was not possible to separate Moxoté and Repartida breed, and this fact
was well explained before.

The Marota have had a higher genetic distance with each other breeds and, it could be due to a genetic drift effect
promoted by founder effect and geographic isolation. There is a high similarity between the Serrana Azul and Grauna
breeds. There was gene flow between the two groups favoring a smaller genetic distance among them. The breeders
have only recently separated these populations based on the coat color pattern, and there has not been a genetic
differentiation other than the few loci involved in the coat color determination.
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