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Abstract
Among the animal species �rst introduced in Brazil during the country's discovery, horses (Equus
caballus) stand out because of their evolutionary history and relationship with humans. Among the
Brazilian horse breeds, the Pantaneiro draws attention due to its adaptative traits. Blood samples of 116
Pantaneiro horses were divided into six populations based on their sampling location, aiming to identify
the existence of genetic structure and quantify genetic diversity within and between them. Populations
were compared to elucidate genetic variability and differentiation better and assess the impact of
Pantanal's natural geographic barriers on gene �ow between populations. Data from the GGP Equine
BeadChip (Geneseek-Neogen, 65.157 SNPs) was used to assess basic diversity parameters, genetic
distance (FST), Principal Component Analysis (PCA) and population structure (ADMIXTURE) for the
sampled animals. Mantel Test was also performed to investigate the correlation between the populations'
genetic and geographic distances. Results showed high genetic variability in all populations, with
elevated levels of admixture in their structure. High levels of admixture make it challenging to establish a
racial pattern and, consequently, populations within the breed, being that only one of the populations
differentiated itself from the others. No signi�cant correlations between genetic and geographic
distances were observed, indicating that environmental barriers did not hinder gene �ow between
populations. and neither farmers selection practices might have change breed genetic composition
sign�cantly Low genetic distance and similar heterozygosity values were observed among populations,
suggesting strong genetic proximity and low differentiation. Thereby, the Pantaneiro breed does not
exhibit genetic subpopulations and could be considered, for conservation purposes, a single big
population in the Panatnal region. This study will support sampling strategies for National genebank.

Introduction
The Pantanal Matogrossense is the world's largest wetland, located in Brazil's midwestern region and
corresponds to 35% of the river Alto Paraguai (South America's central region) hydrographic basin (UNEP,
2007). The weather is hot, with dry winters. The annual precipitation varies between 1.000 and 1.400 mm,
and approximately 80% of the rainfall occurs during the summer (November to March, with a good
amount happening from December to January). The region's terrain is �at, contributing to retaining water
above the soil surface due to constant �ooding caused by the over�owing of rivers in the region (Abreu et
al., 2010).

In addition to little to no human interference, this region's conditions originated the horse breed we know
today as Pantaneiro. As a result of over 200 years of selective pressures, these animals are well adapted
to this region (Sereno, 1997; Mariante & Cavalcante, 2000). They possess adaptative traits that facilitate
their maintenance in said environment, such as the ability to endure long treks in these wetlands during
the rainy season (Silva et al., 2005; Abreu et al., 2010). Animals from the breed are widely used for
transportation and dealing with the large cattle herds common in this region (Mariante & Cavalcante,
2000; Silva et al., 2005; Abreu et al., 2010).



Page 3/14

Since the year 1900, the Pantaneiro horse has been crossbred with breeds such as Arabian, Anglo
Arabian and English Thoroughbred, aiming to increase the size and improve the breed's conformation
(Balieiro, 1971; Beck, 1985). This crossbreeding was carried out indiscriminately, increasing the breed's
susceptibility to diseases such as trypanosomiasis and Equine Infectious Anemia, responsible for
population decline (Mariante & Cavalcante, 2000; Santos, 2001).

The conservation and use of naturalized breeds, such as the Pantaneiro, are directly associated with their
functionality and e�ciency in the �eld and their adaptation to severe environmental conditions, which
implicates �nancial feedback (Paiva, 2005). Cattle raising in Pantanal is extensive and occurs in large
farms, making the Pantaneiro horse a fundamental tool in the �eld (Silva et al., 2005). For that reason,
cattle farmers tend to prefer the breed, especially for moving the bovine herds in this �ooded region, as
the Pantanal only has one road running through it.

Genetic characterization is the �rst step in breed conservation and may have practical implications for
future breeding strategies (Solis et al. 2005). There are no studies on genetic characterization and
structure of the Pantaneiro breed using Single Nucleotide Polymorphisms (SNPs), a molecular tool
growing in popularity due to its capacity to generate high quantities of data in a short time and relatively
cheap. The present study aimed to utilize SNP markers present in the Equine SNP70 BeadChip to help
elucidate the genetic differentiation, structure, characterization and variability of the breed and assess the
impact of geographical barriers imposed by Pantanal's environment on gene �ow between the suggested
populations.

Material And Methods

Sampling and Genotyping
The present study included 116 Pantaneiro horses, divided into six populations based on their sampling
locations from Mato Grosso (MT) and Mato Grosso do Sul (MS) states in Brazil (Table 1). Sampling
locations were chosen based on the large number of registered animals and the presence of conservation
nuclei for the breed. Geographical distances between the sites were also taken into consideration. All
blood samples were collected from breeders/associations and Embrapa's conservation nuclei. A
graphical representation of the sampling locations and geographical distance (in km) between them can
be found in Figure S1 and Table S1, respectively.
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Table 1
Sampling location and number of

sampled animals from each location
Location Code N

Nhumirim, MS NH 58

Campo Grande, MS CG 6

Promissão, MT PR 10

Poconé, MT PO 9

Barra do Bugres, MT BB 13

Cuiabá, MT CB 20

Blood samples stabilized by EDTA were used for DNA extraction following the adapted protocol of Miller
et al. (1988). Approximately 0.5µg of DNA was used for SNP genotyping using the GGP Equine Beadchip
(Geneseek-Neogen, 65.157 SNPs).

After puri�cation and being shipped to Neogen® Genomics (https://genomics.neogen.com/) for
genotyping, the remaining DNA was added to the Brazilian Animal Germplasm Bank (Embrapa Genetic
Resources and Biotechnology) and registered to the Animal Allele portal
(http://aleloanimal.cenargen.embrapa.br/database_collaboration_page_dev).

Quality control was performed, and the exclusion of samples and loci that did not meet the criteria
established was performed in SNP & Variation Suite (SVS) (SVS, Golden Helix, Bozeman, MT, USA).
Quality control criteria were following: Minor Allele Frequency (MAF) (< 0.05); Call Rate for markers (> 
0.99); Call Rate for samples (> 0.90); Hardy-Weinberg equilibrium (HWE) (p < 0.001) and Linkage
Disequilibrium �lter (LD) (markers with r² values < 0.4 in a 50 SNP sliding window). Due to uneven
sampling number between populations and aiming to remove animals with high kinship, one animal of
each pair with values of 0.8 or higher was removed. In total, 27.930 SNPs remained.

Basic genetic parameters were calculated previous to marker �ltering, with the use of 61.746 SNPs. Only
markers associated with sex chromosomes were removed for this analysis.

Genetic Diversity
Basic genetic parameters calculated for all populations were: average call rate; average observed (Weir &
Cockerham, 1983) and expected (Nei, 1978) heterozygosity; the average number of alleles and number of
polymorphic markers. Genetic distance between populations was assessed with the use of a pairwise FST

matrix (2000 permutations; p < 0,05). This distance, as well as the relation between populations, was also
evaluated by Principal Component Analysis (PCA), utilizing the EIGENSTRAT (Price et al., 2006).
Calculations were made with the use of the software SNP & Variation Suite v8 (Golden Helix, Inc.,
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Bozeman, MT, www.goldenhelix.com) and Arlequin 2000 v.3.5 (Exco�er & Lischer, 2010). Graphic 3D
representation of the PCA was achieved using SigmaPlot13
(https://systatsoftware.com/products/sigmaplot/).

Genetic Structure
Population genetic structure was calculated in ADMIXTURE 1.2.2 (Alexander et al., 2009). This analysis
estimates ancestry with the use of a maximum likelihood model, with genetic characterization achieved
using allele frequencies, and a hypothetical number of clusters (K), estimating the probability of each
animal (or their genomic proportion) to be designated to a speci�c value of K. Ten repetitions were done
for each cluster, varying from K = 2 to 12. A cross-validation test was performed to estimate the ideal
value of K. This was achieved with the assembly of a dispersion graph by calculating the mean value of
all 10 iterations for each value of K. The "optimal" value was that with the lowest cross-validation error
(lowest mean value of iterations) (Alexander et al., 2009). Graphic projections were assembled with the
use of StructureSelector (Li & Liu, 2018).

Correlation Between Genetic And Geographic Distances
A Mantel Test was performed using the software Arlequin 2000 v.3.5 (Exco�er & Lischer, 2010) to verify
the correlation between genetic and geographical distances, using pairwise FST values between
populations and the geographical distances described in Table 2.

Table 2
Approximate geographical distance (in km) between sampling locations of the Pantaneiro horse
populations, estimated with the use of an online distance tool (https://www.google.com/maps).

Sampling Locations BB CG NH CB PO

CG 657        

NH 437 266      

CB 130 563 378    

PO 145 514 302 92  

PR 378 173 544 267 345

BB – Barra do Bugres; CG – Campo Grande; NH – Nhumirim; CB – Cuiabá; PO – Poconé; PR -
Promissão

Results
Genotyping and Sampling

https://genomics.neogen.com/
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Kinship matrix showed two individuals with higher consanguinity values than those established as
threshold (> 0.8), bringing the total number of analyzed horses down from 116 to 114.

Basic Genetic Parameters 

Populations with more polymorphic markers (Nhumirim and Cuiabá) had the lowest heterozygosity
values (HO = 0.311 and 0.307; HE = 0.328 e 0.323, respectively). Inversely, higher heterozygosity values
were observed in populations with a lower number of polymorphic markers (Promissão – 0.378 and
0.356; Campo Grande – 0.379 and 0.376, respectively). However, all populations showed similar values
of heterozygosity.

Average number of alleles varied within populations, from 1.72 (Campo Grande) to 1.90 (Nhumirim).
Similar results were observed for the Campo Grande and Promissão (1.73) and for the Barra do Bugres
(1.79), Poconé (1.80) and Cuiabá (1.85).

Table 3. Basic genetic parameters calculated for Pantaneiro populations genotyped with GGP Equine
70K, with a total of 61.746 SNPs.

Population  

N

Nº Polymorphic
Loci

Call
Rate

Average Nº
Alleles

Average
Ho *

Average
He*

 

 

Nhumirim 58 55.250 0,97 1,90 0,311 0,307

Campo
Grande

6 45.389 0,98 1,72 0,379 0,376

Promissão 10 45.226 0,97 1,73 0,378 0,356

Poconé 9 49.718 0,97 1,80 0,351 0,349

Barra do
Bugres

13 49.229 0,97 1,79 0,331 0,334

Cuiabá 20 51.547 0,96 1,85 0,328 0,323

*HO – Average Observed Heterozygosity; HE – Average Expected Heterozygosity; N- number of animals

Genetic Distance (Pairwise FST)

All pairwise FST values were signi�cant (Table 4). The highest observed value was between the Barra do
Bugres and Promissão populations (FST = 0.056), with the next highest values associated with
comparisons between them and the other populations. The lowest value was observed between
Nhumirim and Campo Grande (FST = 0.008).
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The Mantel test showed no signi�cant correlation between genetic and geographical distances for the
analyzed populations.

Table 4. Pairwise FST matrix for 6 Pantaneiro horse populations using 27,930 SNPs. Estimations made
with 2,000 permutations. All pairwise estimates were signi�cant (p < 0.05). BB – Barra do Bugres; CG –
Campo Grande; NH – Nhumirim; CB – Cuiabá; PO – Poconé; PR – Promissão.

Breed BB CG NH CB PO

CG 0.029

NH 0.028 0.008

CB 0.032 0.017 0.015

PO 0.026 0.010 0.010 0.010

PR 0.056 0.032 0.031 0.034 0.015

Principal Component Analysis (PCA)

PCA showed components 1, 2 and 3 representing 1.87%, 1.48% and 1.47% of the genetic variation present
between populations, respectively. Intense overlap between all populations was observed, with only a few
individuals belonging to Nhumirim, Campo Grande and Promissão populations being placed at a certain
distance from others.

Population Genetic Structure (ADMIXTURE)

The Cross-validation test indicated the adequate number of clusters to be K = 4 (Figure 2A and 2B) and
supplementary material (Figure S2).  With K = 4, all populations showed high levels of admixture. The
only population that showed some level of structure was Barra do Bugres, having a majorly "pure"
structure. However, the major genetic component in this population can be seen in certain degrees in the
other populations. A new structure (green) can be observed for this value of K, being present in all
populations but more intensely in Nhumirim.

Overall, except for Barra do Bugres, a clear genetic structure and contribution could not be observed in
other populations. The highest levels of admixture can be observed in Campo Grande, Nhumirim and
Poconé, despite all populations having shown some levels of miscegenation (Figure 3A).

Discussion

Intrapopulation Genetic Variability
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Variation in the number of polymorphic alleles observed in the genetic parameter analysis (Table 3) may
be associated with farm management (such as selecting a speci�c trait/phenotype or other breeding
strategies) in sampling locations. Consequently, this may result in different alleles being �xed in these
populations, yet all showed similar heterozygosity values. This indicates gene �ow between the
populations, since the number of polymorphic SNPs does not necessarily re�ect the heterozygosity rates
observed. Sampling sizes for the locations were different, which may confer bias to the analysis since a
higher number of polymorphic markers were observed in populations with a higher number of individuals
sampled.

Other studies calculating average heterozygosity for Pantaneiro horse populations using microsatellite
(Giacomoni et al., 2008; Sereno et al., 2008; Cortés et al., 2017) and RAPD-PCR markers (Egito et al., 2007)
were similar between each other but differed from our study. These earlier studies used multiallelic
markers, explaining the differences with those found in the present study with SNPs. There are no
published studies regarding the assessment of genetic diversity employing the use of SNP markers for
the Pantaneiro horse breed.

Interpopulation Genetic Variability
Despite being signi�cant, all FST values observed were low (Table 4). This low genetic distance suggests
the existence of gene �ow between populations, indicating that the natural environmental barriers
imposed by the Pantanal ecosystem (especially �ooded terrains) do not prevent reproduction between
individuals from different locations. This is possible due to the breed's adaptative traits from inhabiting
this biome, conferring these animals remain in the �ooded area for long periods without experiencing
foot-rot, for example (Ribeiro et al., 2008; Santos et al., 2008). This hypothesis is reinforced by the PCA
results (Fig. 1), where animals from all populations overlapped with no clear segregation between them,
indicating a lack of genetic structure. The Mantel test showed no signi�cant correlation between
populations genetic (FST) and geographical (km) distances. Some populations that were closer
geographically had higher FST values than some that were further apart. Therefore, no reproductive
isolation caused by geographical distance was discerned in the analyzed populations, which supports the
hypothesis that the terrain does not hinder the gene �ow between them.

Similar results for Pantaneiro breed populations were found by Giacomoni et al. (2008), showing low
genetic distances varying from FST = 0.008 to 0.064. Authors also observed low inbreeding levels for
these populations and suggest that combined with the breed's adaptative traits that allow for gene �ow
between animals from different locations, variation in FST results may be associated with local breeding
strategies from each farm. Cortés et al. (2017) also observed low values of inbreeding for the breed.
These results corroborate the absence of genetic differentiation observed for populations of the breed in
the present study. McManus et al. (2013) observed considerable genetic variability for the breed between
farms, but low between Pantanal counties, as well as low inbreeding values, corroborating the hypothesis
above.
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Population Genetic Structure (Admixture)
Genetic structure analysis (ADMIXTURE), together with the cross-validation test performed for the election
of an ideal number of clusters (K), suggest the existence of four substructured populations (Fig. 3).
However, only one population (Barra do Bugres) showed a somewhat higher number of animals with
"pure" genetic structure. In addition, the major genetic component present in Barra do Bugres animals can
be found in other populations, so it is not exclusive. This corroborates, once again, with the existence of
gene �ow between locations. According to McManus et al. (2013), the demand for famous stallions is
high, accounting for movement between regions and farms. Moving from K = 3 to K = 4 a new structure
appears, which is more intense in the Nhumirim population. Except for these two somewhat structured
populations, those remaining (Campo Grande, Cuiabá, Poconé e Promissão) showed high levels of
admixture. Therefore, it was not possible to observe four substructured populations.

More clusters (K = 7) made it possible to observe certain levels of differentiation in two other populations:
Cuiabá and Promissão. The genetic components here can, however, also be found in all other populations
to some extent. Adding more clusters (K = 9 and 11), this continues to be accentuated and three larger
genetic structures can be observed: Barra do Bugres (with a majorly "pure" composition), Cuiabá and
Promissão (somewhat "pure" portions, with a more intense presence of admixture). With the addition of
more clusters, populations Campo Grande, Nhumirim and Poconé contained a high degree of admixture.
Nhumirim animals, however, showed a genetic structure mostly exclusive to this population in K = 9 and
11 (Figure S2).

Sereno et al. (2008), with microsatellite markers, also observed intense admixture in the genetic
composition of Pantaneiro horses, corroborating the high genetic diversity found in the present study, as
well as the lack of genetic structure between the studied populations.

We raise the hypothesis that the selection of Pantaneiro horses may be using morphological
characteristics as selection criteria instead of the animals' geographic location. This would explain the
appearance of new substructured Pantaneiro populations with favourable alleles for selection based on
breeding of animals with desired traits by determined breeders. The Pantaneiro breed may also have
changed due to indiscriminate crossing with other breeds in the past (Santos et al., 2003) not sampled in
this study, as indicated by the genetic contributions that are not present in other locally adapted Brazilian
breeds (Bchara, 2021). However, the Pantaneiro breed presents alleles to be con�rmed as a distinct breed
compared to other naturalized Brazilian horse breeds. It was not possible, in this study, to determine the
cause of the apparent substructures and admixture observed in the Pantaneiro horse breed. Nevertheless,
McManus et al. (2008) selection should ensure that the breed does not lose its adaptive traits

Conclusion
The Pantaneiro horse showed high genetic variability and low substructuring. Geographical barriers
imposed by the Pantanal Matogrossense ecosystem do not hinder the possibility of gene �ow between
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populations, possibly, due to the breed's capability of crossing this kind of �ooded terrain and breeding
choices by farmers. Only the Barra do Bugres population could be differentiated from the others. No
signi�cant correlation between genetic and geographical distances was observed. The populations in this
study showed high admixture, with low values of FST and elevated overlapping in PCA. There is also the
possibility of subpopulation formation based on breeders' speci�c breeding goals, aiming to �x alleles of
economic interest (e.g., morphological differences).

Declarations
Funding

CAPES and CNPq for scholarships and Ministry of Agriculture, Livestock and Supply for �nancing.

Con�ict of Interest

The authors declare no con�ict of interest

Acknowledgements

To the Associação de Criadores do Cavalo Pantaneiro for help in collecting samples

Availability of data and material 

Data will be made available upon reasonable request

Author Contributions

MB   - Data Analysis, original draft elaboration; CMM -conception, analyses, �nancing, correction; DF –
data analysis, original draft and corrections   ; SS – conception, sample collection, corrections; PI  - DNA
extraction, analyses, corretcion;  SP – conception, �nancing, corrections.  

Code availability

All softwares are listed in the Material and Methods section of the manuscript

Ethics Approval

All procedures for collection of biological samples were approved by the Committee on Ethics for
Experiments with the use of Animals under Protocol Number UnB 33/2009. After collection and DNA
extraction from blood, hair and tissue samples these were stored in the National Genebank at Embrapa
Recursos Genéticos e Biotecnologia. 

References



Page 11/14

1. Abreu, U. G. P., McManus, C., Santos, S. A. Cattle ranching, conservation, and transhumance in the
Brazilian Pantanal. (2010). Pastoralism Vol. 1 No 1.

2. Alexander, D. H., Novembre, J. & Lange, K. Fast model-based estimation of ancestry in unrelated
individuals. Genome Res 19, 1655–1664 (2009).

3. Balieiro, E. S. Subsídio ao estudo do cavalo Pantaneiro. São Paulo. Anuário Comissão Coordenadora
da Criação do Cavalo Nacional. Brasília: Ministério da Agricultura, 1971. p.59–65.

4. Bchara, M. N. Estrutura genética �na das raças brasileiras de cavalos. Brasília: Faculdade de
Agronomia e Medicina Veterinária, Universidade de Brasília, 2021, 127 p. Dissertação (Mestrado em
Ciências Animais) – Faculdade de Agronomia e Medicina Veterinária da Universidade de Brasília,
2021.

5. Beck, S. L. Equinos: raças, manejo e equitação. 2.ed. São Paulo: Editora dos Criadores, 1985. 479p.

�. Cortés, O., Dunner, S., Gama, L. T., Martínez, A. M., Delgado, J. V., Ginja, C., Jiménez, L. M., Jordana, J.,
Luis, C., Oom, M. M., Sponenberg, D. P., Zaragoza, P., Vega-Pla, J. L. (2017). The legacy of Columbus
in American horse populations assessed by microsatellite markers. Journal of Animal Breeding and
Genetics, (), –. doi:10.1111/jbg.12255

7. Egito, A. A. et al. Genetic variability of Pantaneiro horse using RAPD-PCR markers. R. Bras. Zootec.,
Viçosa, v.36, n. 4, p. 799–806, Aug. 2007. Available at: https://www.scielo.br/scielo.php?
script=sci_arttext&pid=S1516-35982007000400007.

�. Exco�er, L., Lischer, H. E. L. Arlequin suite ver 3.5: A new series of programs to perform population
genetics analyses under Linux and Windows. Molecular Ecology Resources, v. 10, n. 3, p. 564–567,
2010.

9. Giacomoni, E. H., Fernández-Stolz, G. P., Freitas, T. R. O. Genetic diversity in the Pantaneiro horse
breed assessed using microsatellite DNA markers. Genetics and Molecular Research 7 (1): 261–270
(2008)

10. Li Y. L., Liu J. X. (2018). StructureSelector: a web-based software to select and visualize the optimal
number of clusters using multiple methods. Molecular Ecology Resources. 18:176–177. DOI:
10.1111/1755-0998.12719.

11. Mariante, A. S., Cavalcante, N. Animais do descobrimento: raças domésticas da história do Brasil.
Brasília: Embrapa - Cenargen, 2000. 232p.

12. McManus, C.M.; Santos S.A.; Silva, J. et al. Body indices for the Pantaneiro horse. Brazilian Journal
of Veterinary Research and Animal Science, v.45, p.362–370, 2008.

13. McManus, C., Santos, S. A., Dallago, B. S. L., Paiva, S. R., Martins, R. F. S., Braccini Neto, J., Marques,
P. R., Abreu, U. G. P. de (2013). Evaluation of conservation program for the Pantaneiro horse in Brazil.
Revista Brasileira de Zootecnia, 42(6), 404–413. doi:10.1590/s1516-35982013000600004

14. Miller, S.A., Dykes, D.D., and Polesky, H.F. (1988). A simple salting out procedure for extracting DNA
from human nucleated cells. Nucleic acids research 16(3), 1215–1215. doi: 10.1093/nar/16.3.1215.

15. Nei, M. (1978). Estimation of Average Heterozygosity and Genetic Distance from A Small Number of
Individuals. Genetics. 89. 583 – 90.



Page 12/14

1�. Paiva, S. R., Universidade Federal de Viçosa, Dezembro de 2005. Caracterização da diversidade
genética de ovinos no Brasil com quatro técnicas moleculares. Tese de doutorado.

17. Price, A., Patterson, N., Plenge, R. et al. Principal components analysis corrects for strati�cation in
genome-wide association studies. Nat Genet 38, 904–909 (2006). https://doi.org/10.1038/ng1847.

1�. Ribeiro, C. R., Fagliari, J. J., Galera, P. D., Oliveira, A. R. Hematological pro�le of healthy Pantaneiro
horses. Arq. Bras. Med. Vet. Zootec. [online]. 2008, vol.60, n.2, pp.492–495. ISSN 1678–4162.
https://doi.org/10.1590/S0102-09352008000200033.

19. Santos, S. A., McManus, C. M., Mariante, A. S. et al. A review of Conservation and Management of the
Pantaneiro horse in the Brazilian Pantanal. Animal Genetic Resources Information, v.31, p.75–86,
2001.

20. Santos, S.A.; McManus, C.M.; Mariante, A.S. et al. Estratégias de conservação in situ do cavalo
Pantaneiro Corumbá: EMBRAPA, 2003. 29p.

21. Santos, S. A., Abreu, U. G. P., Comastri Filho, J. A., Sorares, R. J. Caracterização e conservação do
cavalo Pantaneiro (2008). Embrapa Pantanal. Available at:
https://www.infoteca.cnptia.embrapa.br/infoteca/bitstream/doc/812962/1/FOL134.pdf.

22. Sereno, J. R. B., Santos, S. A., Zuccari, C. E. S. N., Mazza, M. C. M. Establishment of a breeding
season and evaluation of the reproductive performance of the Pantaneiro hose in Mato Grosso do
Sul, Brazil. Animal Genetic Resources Information, v.21, p.43–48, 1997.

23. Sereno, F. T. P. de S., Sereno, J. R. B., Vega-Pla, J. L., Kelly, L., & Bermejo, J. V. D. (2008). Genetic
diversity of Brazilian Pantaneiro horse and relationships among horse breeds. Pesquisa
Agropecuária Brasileira, 43(5), 595–604. doi:10.1590/s0100-204x2008000500007.

24. Silva, L. A. C. da, Santos, S. A., Silva, R. A. S., McManus, C., Petzold, H. Adaptação do Cavalo
Pantaneiro ao Estresse da Lida Diária de Gado no Pantanal, Brasil. (2005). Arquivos de zootecnia
vol. 54, núm. 206–207, p. 510.

25. SNP & Variation Suite ™ (Version 8.x) [Software]. Bozeman, MT: Golden Helix, Inc. Available from
http://www.goldenhelix.com.

2�. Solis, A., Jugo, B. M., Mériaux, J. C. et al. Genetic diversity within and among four south European
native horse breeds based on microsatellite DNA analysis: implications for conservation. Journal
Heredity, v.96, n.6, p.670–678, 2005.

27. Weir, B. S., Cockerham, C. C. Estimating F-statistics for the analysis of the population structure.
Evolution, v. 38, p. 1358–1370, 1984.

2�. Wright, S. (1965). The interpretation of population structure by F-statistics with special regard to
systems of mating. Evolution, 19(3), 395–420. doi:10.1111/j.1558-5646.1965.tb01731.x

Supplementary Table
Table S1 is not available with this version



Page 13/14

Figures

Figure 1

Population structure of 6 equine populations of the Pantaneiro breed revealed by Principal Component
Analysis (PCA). The 3D graph shows the three �rst components explaining 1.87%, 1.48% and 1.47% of
the present variation among populations, respectively. A), B) and C) are different angles of the 3D graph.
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Figure 2

A) Population structure involving 6 Pantaneiro horse populations assessed by ADMIXTURE. Best value of
K = 4, as indicated by B) Cross-validation test graph. BB – Barra do Bugres; CG – Campo Grande; NH –
Nhumirim; CB – Cuiabá; PO – Poconé; PR – Promissão.
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