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Summary
The genetic structure and diversity of nine ganadarias (the Portuguese word for bull farmer) of the Portuguese “Brava de Lide”
(Bullfighting) breed were assessed with 30 microsatellites. Allelic richness per locus was low, with an overall average of 2 547.
The mean number of alleles corrected for the size of the smaller sample ranged between 2,4 in ganadaria Jorge Mendes and 1,9 in
ganadaria Vaz Monteiro. The mean expected and observed heterozygosities ranged between 0.627 in ganadaria Palha and 0.461
in ganadaria Vaz Monteiro and between 0.617 in ganadaria Cabral D’Ascension and 0.4485 in ganadaria Vaz Monteiro, respectively.
The ganadaria Vaz Monteiro was the one that systematically showed the lowest values of genetic diversity. To analyse the substructure
among the 51 animals studied, a factorial correspondence analysis and a Bayesian approach were performed using the Genetix and
STRUCTURE programs, respectively. The outcome of the factorial correspondence analysis resulted in the formation of four well-
defined clusters. On the other hand, the analysis with the STRUCTURE program has allowed us to obtain six well-defined clusters.
One well-defined cluster corresponded to the oldest Portuguese ganadaria, the Vaz Monteiro. This ganadaria was established, at
its inception in 1843, with bulls and cows of pure Portuguese caste and has been kept in the same family owing to its formation without
the introduction of any other blood, constituting a unique caste that must be preserved, which is the true offspring of the Portuguese
cattle breed “Brava de Lide”. In turn, the other clusters formed corresponded to the ganadarias Mario Vinhas, Murteira Grave, Nuno
Casquinha, Palha and Jorge Carvalho.
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Résumé
La structure et la diversité génétiques ont été évaluées avec 30 microsatellites chez neuf élevages portugais de taureaux de combat. La
richesse allélique par locus a été faible, avec une moyenne générale de 2 547. Le nombre moyen d’allèles, corrigé selon la taille du plus
petit échantillon, a varié entre 2,4 chez l’élevage Jorge Mendes et 1,9 chez l’élevage Vaz Monteiro. Les hétérozygoties moyennes
observée et attendue ont varié respectivement entre 0.627 chez l’élevage Palha et 0.461 chez l’élevage Vaz Monteiro et entre 0.617
chez l’élevage Cabral D’Ascension et 0.4485 chez l’élevage Vaz Monteiro. L’élevage Vaz Monteiro a été celui qui a présenté
systématiquement les plus faibles valeurs de diversité génétique. Pour analyser la sous-structure entre les 51 animaux étudiés, une ana-
lyse factorielle des correspondances et une approche bayésienne ont été appliquées respectivement avec les programmes Genetix et
STRUCTURE. L’analyse factorielle des correspondances a donné comme résultat la formation de quatre grappes bien définies alors
que l’analyse avec le programme STRUCTURE en a données six. Un des groupes définis a correspondu à l’élevage de taureaux de
combat le plus ancien du Portugal, l’élevage Vaz Monteiro. Cet élevage a été établi en 1 843 avec des taureaux et des vaches
de pure caste portugaise et a été conservé dans la même famille depuis sa création sans l’introduction d’un autre sang. L’élevage
possède donc une caste unique devant être conservée en tant que descendante directe de la vraie race bovine portugaise de combat,
la race « Brava de Lide ». D’un autre côté, les autres grappes constituées ont correspondu aux élevages Mario Vinhas, Murteira
Grave, Nuno Casquinha, Palha et Jorge Carvalho.

Mots-clés: race bovine Brava de Lide, diversité génétique, sous-structure populationnelle, bovins portugais

Resumen
Se estudió la estructura y la diversidad genética de nueve ganaderías de la raza bovina portuguesa de Lidia usando 30 microsatélites. La
riqueza alélica por locus fue baja, siendo la media general de 2 547. El número medio de alelos, corregido por el tamaño de la menor
muestra, varió entre 2,4 en la ganadería Jorge Mendes y 1,9 en la ganadería Vaz Monteiro. La heterocigosis media esperada y la obser-
vada oscilaron entre 0.627 en la ganadería Palha y 0.461 en la ganadería Vaz Monteiro y entre 0.617 en la ganadería Cabral
D’Ascension y 0.4485 en la ganadería Vaz Monteiro, respectivamente. La ganadería Vaz Monteiro fue la que sistemáticamente
presentó los menores valores de diversidad genética. Para analizar la subestructura entre los 51 animales estudiados, se llevó a cabo
un análisis factorial de correspondencias y se adoptó un enfoque bayesiano, empleando respectivamente los programas Genetix y
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STRUCTURE. El análisis factorial de correspondencias resultó en la constitución de cuatro conglomerados bien definidos mientras que
el análisis con el programa STRUCTURE permitió la obtención de seis conglomerados bien diferenciados. Uno de los conglomerados
formados se correspondió con la ganadería de Lidia más antigua de Portugal, la Vaz Monteiro. Esta ganadería fue creada en 1 843 con
toros y vacas de pura casta portuguesa y, desde entonces, se ha mantenido en la misma familia sin la introducción de ninguna otra
sangre, representando así una casta única que debe ser conservada. Esta ganadería está por tanto formada por la descendencia directa
de la verdadera raza bovina portuguesa de Lidia. Por otro lado, los otros conglomerados formados se correspondieron con las
ganaderías Mario Vinhas, Murteira Grave, Nuno Casquinha, Palha y Jorge Carvalho.

Palabras clave: raza bovina de Lidia, diversidad genética, subestructura poblacional, ganado bovino portugués
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Introduction

“Brava de Lide” is a Portuguese cattle breed with great
significance beyond its home borders because of bullfight-
ing in Spain using Portuguese bulls. The breed owes its
name to its aggressive character, unwilling to be domesti-
cated and resisting to forms of traditional management, i.e.
its behaviour is not gregarious and rebellious with no nat-
ural tendency to subjection by man (Lucas, 2004). For
their leadership, technical and aesthetic parameters are
applied that embody the bullfighting, the main objective
for the existence of these animals (Lucas, 2004). As
regards its ethnic framework, the breed Brava de Lide is
affiliated to the evolutive branch Black Orthoide, having
had its origin in the evolutionary path of the North
African domestic cattle (Alves, 2004; Cymbron et al.,
2005; Mateus, 2008) having been established in Portugal
in Prehistoric times (Felius, 1995; Anderung et al., 2005;
Bollongino et al., 2006; Ginja, Gama and Penedo,
2009a). Indeed, the discovery of mtDNA haplotypes of
African origin in several varieties of the Spanish
Fighting Bulls (Cortés et al., 2007), and more recently in
the Portuguese “Brava de Lide” (Ginja et al., 2009b)
could substantiate this hypothesis. The “Brava de Lide”
breed is bred in large farms designated as ganadarias,
avoiding as much as possible any contact with humans.
In 2012, the Portuguese Association of Breeders of the
Lide Bulls contemplated 104 ganadarias (Lucas, personal
communication), distributed through the Alentejo,
Ribatejo and Oeste, Beira Interior and Beira Litoral, the
oldest of which was established in 1843 (Lucas, 1996,
2004). The unique production system, along with a very
diverse product demand depending on the type of celebra-
tion, has given rise to a characteristic population structure,
divided into lines or castes, even in herds within castes.
The increasing import into Portugal of the main castes of
the Spanish Fighting Bulls has led to the disappearance
of the true Portuguese “Brava de Lide” breed. However,
there is a ganadaria, the oldest in Portugal, the ganadaria
Vaz Monteiro, which has remained faithful to the breeding
of genuine Portuguese bulls of “Brava de Lide”.

The objectives of this study are to study the genetic diver-
sity and the substructure in the “Brava de Lide” breed

using 30 microsatellite markers and to evaluate the hypoth-
esis that the animals of ganadaria Vaz Monteiro are really
different from other bulls of Lide raised in Portugal.
Moreover, we also draw attention to those responsible
for the importance of conserving the genetic diversity of
the cattle breed “Brava de Lide”.

Material and methods

Animals

In this work, 51 pure animals, registered in the Herd Book
of the “Brava de Lide” breed sampled in nine ganadarias,
were used. This included ganadaria Palha (PA) (n = 6),
ganadaria Vaz Monteiro (VM) (n = 11), ganadaria Jorge
Carvalho (JC) (n = 7), ganadaria Jorge Mendes (JM)
(n = 2), ganadaria Nuno Casquinha (NC) (n = 3), gana-
daria Cabral D’Ascenção (CD) (n = 2), ganadaria Mário
Vinhas e Herdeiros de Manuel Vinhas (MV) (n = 6), gana-
daria Paulo Caetano (PC) (n = 2) and ganadaria Murteira
Grave (MG) (n = 12). It should be noted that of those gana-
darias referred to here, where only two animals were
included is owing to the fact that these ganadarias have
only two paternal lines. It is not preferable to use highly
related animals in diversity studies and, therefore, only
two animals, one as reference to one of the parental lines
and the other as a son of the other paternal line, were
used. Table 1 summarizes the sampled procedures.

Table 1. Sampling origin.

Ganadaria Sampled Used

♂ ♀ Total

PA 13 4 2 6
VM 14 1 10 11
JC 9 1 6 7
JM 7 2 0 2
NC 6 2 1 3
CD 4 1 1 2
MV 6 2 4 6
PC 7 1 1 2
MG 13 0 12 12
Total 79 14 37 51
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Microsatellites

The microsatellites used were BM1824, BM2113, BM2613,
BM1818, BM203 RM067, RM006, ETH131, ETH10,
ETH225, ETH152, ETH185, ETH03, ILSTS035, ILSTS065
HEL9, HEL13, HEL11, SPS113, SPS115, TGLA345,
TGLA53, TGLA227, TGLA126, TGLA122, BRRIBO,
INRA023, MGTG4B, CSSM036 and CYP21.

Polymerase chain reaction (PCR) conditions and
detection of PCR products

Microsatellite markers were combined in multiplex-PCRs
using fluorescently labelled primers and amplified in 12.5
µl reaction volume containing 2.5 mM MgCl2, 200 µM
DNTPs, 50–100 ng template DNA, 0.5 U Taq polymerase
and primers at the appropriate concentration (Table 2).
The plates containing the DNA template, the primers multi-
plexes and 20 µl of Chill-out were initially incubated at
90 °C for 5 min. Subsequently, the temperature was reduced
to 85 °C and held for 10 min for the addition of the

remaining reagents prepared together. Amplification was
done with five cycles of 1 min at 94 °C, 30 s at specific
annealing temperatures (Table 2) and 30 s at 72 °C followed
by 25 cycles where the denaturation step at 94 °C was
reduced to 45 s. We carried out a final 30 min extension.
PCR products were separated in denaturing polyacrylamide
gels run on ABI 373 DNA Sequencers (Applied
Biosystems, Foster City, CA, USA). Fragment size analysis
was performed with the STRAND software (Hughes, 2000).
The internal size standard GeneScan TM-ROX 350
(PE-Applied Biosystems, Warrington, UK) was used for siz-
ing alleles. In addition, sample no. 1 from the International
Society for Animal Genetics (ISAG) 1997/98 comparison
test was used as the reference to standardize allele sizes.

Data analysis

Allele frequencies for all locus population combinations
are obtained with the Fstat Program 2.9.3 (Goudet,
2001), while the number of population-specific alleles
(Private-Alleles, PA) was counted manually. To test
whether the populations were in Hardy–Weinberg equilib-
rium (HWE, Ho: random union of gametes) exact tests
were performed using the program GENEPOP version
4.0 (Raymond and Rousset, 1995b). The non-biased esti-
mates of the exact P value were obtained by Markov
chain Monte Carlo developed by Guo and Thompson
(1992). The excess or deficiency in heterozygosity for
each locus in each population was analysed using a
U-test (Rousset and Raymond, 1995). To test the between
population differentiation, the null hypothesis was Ho: the
alleles were taken from the same distribution in all popu-
lations and the test used to reject or accept the null hypoth-
esis was the G-test (Raymond and Rousset, 1995a). The
test was repeated for differentiation of populations, but
considering population pairs. For all those tests, the
Markov chain parameters chosen were: dememorization
100 00, batches 2 000 and 5 000 interactions per batch.
For each population the level of significance was adjusted
by a strict Bonferoni procedure for multiple comparisons,
which allowed us to reduce type II errors (Weir, 1996).

The classical genetic diversity parameters were calculated
by the GENETIX program, version 4.05.2 (Belkhir et al.,
1998). Thus, the average observed and unbiased expected
heterozygosities within the breeds and the total and mean
number of alleles were calculated per population, with a
correction being made to these two last parameters with
all the possible combinations of two animals (smaller
size of an analysed sample) within each ganadaria. The
Fstat program (2001) allowed us to calculate the inbreed-
ing coefficient (FIS), the gene diversity and the allelic
richness.

The population structure was evaluated using the para-
meters of hierarchical F-statistics (FST, FIT, FIS) estimated
according to those proposed by Weir and Cockerham
(1984) and implemented in the Fstat program, version
2.9.3.2. (Goudet, 2001). The null hypothesis (Ho): the

Table 2. Microsatellites used, its autossomic location, number of
alleles detected, allele size range, temperature of annealing and
primers concentration.

Locus BTA Number of allele
size

Ta

(°C)
Primers

Alleles Range
(bp)

Concentration
(μM)

BM1824 1 7 178–190 58 0.22
BM 2113 2 11 121–143 58 0.11
INRA023 3 12 183–220 58 0.40
MGTG4B 4 12 129–153 60 0.15
RM067 4 8 90–106 58 0.75
ETH10 5 8 209–225 60 0.15
ETH152 5 9 193–211 58 0.12
ILSTS035 6 20 210–268 58 0.80
RM006 7 7 110–134 58 0.25
HEL9 8 11 147–169 52 0.03
ETH225 9 7 140–152 60 0.15
SPS113 10 13 133–157 60 0.15
BRRIBO 10 13 238–262 58 0.30
HEL13 11 6 185–195 52 0.03
TGLA345 12 7 112–142 58 0.05
CSSM036 14 11 162–188 60 0.08
SPS115 15 8 246–260 58 0.40
TGLA53 16 17 154–188 60 0.15
ETH185 17 11 221–245 66 0.03
TGLA227 18 11 77–97 58 0.35
ETH3 19 10 109–131 60 0.20
TGLA126 20 6 113–123 58 0.50
TGLA122 21 17 137–181 58 0.32
ETH131 21 26 142–171 58 0.50
BM2613 22 11 159–179 58 0.16
CYP21 23 29 183–222 58 0.20
BM1818 23 7 258–270 58 0.30
ILSTS065 24 10 126–146 58 0.08
HEL11 26 11 184–210 58 0.10
BM203 27 13 207–241 58 0.04

Microsatellites included in the FAO–MoDAD programme are given in
bold.
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estimates are not significantly different from zero was
tested using permutations as proposed by Goudet (2001).
To test the FIS( f ), the alleles were exchanged between
individuals within populations. To test the FIT(F ), the
alleles were exchanged between populations. Finally, to
test the FST(θ) individuals were exchanged between popu-
lations. The FST parameter that measures the proportion of
different alleles between all population pairs was also
calculated.

To have an idea of the degree of genetic separation
between the ganadarias studied, the DA genetic distances
between all pairs of populations using the Populations pro-
gram (Langella, 2002) were also calculated.

Multivariate analysis of correspondences
The graphical representation of genetic relationships
among a group of individuals can be obtained through
multivariate techniques, which can condense the variance
of allele frequencies of loci analysed in a set of two,
three or four synthetic variables. The factorial analyses
of correspondences allowed us to see what the dispersion
of the individuals in the space defined by the three major
hypergeometric axes, depending on the variance of its
allele frequencies and, thus, analyse whether or not there is
some kind of substructure within a population and to see
the genetic differences among all the individuals analysed.
The analysis of correspondence was performed using the
module AFC (Analyse Factorielle Correspondance) imple-
mented by the GENETIX program (Belkhir et al., 1998).

Analyse with the STRUCTURE Program
The structure of the Brava the Lide was also analysed
using the STUCTURE Program, version 3.0 (Pritchard,
Stephens and Donnelly, 2000) to estimate the number of
population clusters (K ), more likely among the nine gana-
darias studied. Data were analysed using the Alpha and
Lambda parameters defined by the default program. The
definition of clusters was based on the admixture model
and the assumption that allele frequencies were correlated
between the breeds, as is convenient for closely related

populations. To estimate the K value (number of popula-
tion clusters inferred by the data), its value was made to
vary between K = 1 and K = 10 and the program set to
run with a Burn-in of 50 000 and a number of MCMC
repetitions after burn-in of 200 000. It was empirically
determined that these values for the size of the run were
enough to ensure the convergence of the parameters to
be estimated (Pritchard and Wen, 2003). For each value
of K, ten runs were performed, the most likely value of
K was determined by the highest average of the maximum
likelihood of the data (Ln P(D)) with smaller variance. The
STRUCTURE program was used to allocate individuals to
their population of origin, using the strict Bayesian method
implemented by the program. To determine the number of
animals classified in each cluster a run was made with a
longer burn-in of 100 000 and a number of repetitions of
MCMC after a burn-in of 1 000 000 for the most likely
value of K.

The percentage of individuals classified in each cluster was
determined by considering the estimated proportion of the
association of each individual genotype (Q) to each of the
clusters. The percentage of subjects not included in their
population of origin and misclassified in other cluster
population was also calculated. Tests of individual alloca-
tion were also performed by the STRUCTURE program
using a priori information about the source population of
individuals, as the subjects were sampled from bull farm-
ers with a specific breeding program and a specific repro-
ductive program. The run had the same characteristics as
before, with the K being equal to 9 because nine was the
number of the sampled ganadarias.

Results

The diversity parameters are shown in Table 3 where one
can observe that the average expected and observed hetero-
zygosity was relatively low when compared with all other
Portuguese cattle breeds (Mateus et al., 2004; Ginja, Gama
and Penedo, 2010). The expected heterozygosity ranged

Table 3. Summary of genetic diversity parameters, including, the observed and expected heterozygosity, total (TNA) and mean number
(MNA) of alleles, mean (MNAC) and total (TNAC) number of alleles corrected for the size of the smaller sample, number of private
alleles (PA), gene diversity and allelic richness, inbreeding coefficient (FIS) and deviations from Hardy–Weinberg equilibrium (Dev.
HWE) observed among the ganadarias studied.

Ganadaria H. Exp. H. Obs. MNA MNAc1 TNA TNAc1 PA Gene diversity Allelic richness FIS Dev. HWE

PA 0.63 0.61 3.6 2.3 109 68.0 6 0.63 2.41 0.037 0
JC 0.54 0.56 3.5 2.2 105 66.3 8 0.54 2.19 −0.138 0
JM 0.61 0.57 2.4 2.4 71 71.0 3 0.63 2.37 0.105 0
NC 0.53 0.53 2.3 2.1 70 62.0 0 0.53 2.06 −0.005 0
CD 0.59 0.62 2.3 2.3 69 69.0 0 0.58 2.30 0.015 0
PC 0.60 0.57 2.3 2.3 69 69.0 2 0.62 2.30 0.081 0
MG 0.58 0.56 3.9 2.3 119 68.2 7 0.58 2.26 0.026 0
VM 0.46 0.45 3.0 1.9 90 57.8 20 0.46 1.95 0.028 0
MV 0.53 0.51 3.0 2.1 91 63.0 14 0.53 2.12 0.042 0

1Average of all possible combinations of two animals within each ganadaria.
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from its highest value observed in ganadaria Palha (0.627)
and the minimum value observed in ganadaria Vaz
Monteiro (0.461). Regarding the observed heterozygosity,
it ranged from a maximum of 0.617 observed in ganadaria
Cabral D’Ascenção and a minimum of 0.448 observed in
the ganadaria Vaz Monteiro. Incidentally, the ganadaria
Vaz Monteiro was the one that systematically showed
the lower variability (MNAc, TNAc, Gene Diversity and
Allelic Richeness). The FIS values were all close to zero,
an indication that in the ganadarias studied, an excess or
a deficiency in heterozygotes did not exist, which would
be confirmed by tests carried out by the Genepop program
regarding the excess and deficiency of heterozygotes, with
all P values being not significant. All loci and population
combinations are in HWE.

The DA genetic distances and the coefficient of genetic dif-
ferentiation (FST) are shown in Table 4. In general, all DA

genetic distances are relatively larger than those found
among all populations of the Portuguese cattle (Mateus
et al., 2004; Mateus, 2008), indicative of the large genetic
separation between the nine ganadarias studied. The largest
DA genetic distance was found between the ganadarias Vaz
Monteiro and Paulo Caetano, while the shortest DA distance
was established between the pair Murteira Grave and Palha.
In what concerns the coefficients of genetic differentiation
FST, the maximum has been established between ganadar-
ias Vaz Monteiro and Nuno Casquinha, while the minimum
was found between the pair Jorge Mendes and Paul
Caetano. Regarding the genetic differentiation among the
nine ganadarias studied, the global test was significant at
least for all loci population combinations, having the P
value varied between zero and 0.00149, which allowed us
to reject the null hypothesis: the alleles are drawn from
the same distribution in all populations. But when the popu-
lations were considered in pairs (Table 4), the ganadarias
that showed the highest degree of genetic differentiation
were the ganadarias Vaz Monteiro and Mário Vinhas
with both presenting highly significant P values for all
other ganadarias. The other two ganadarias that showed
considerable degree of genetic differentiation were the
ganadarias Nuno Casquinha and Murteira Grave, being

the first to obtain P values between very and highly signifi-
cant for all other ganadarias except for ganadaria Paulo
Caetano, while ganadaria Murteira Grave also presented
P values between very and highly significant for all other
ganadarias with the exception of ganadarias Jorge
Mendes and Cabral D’Ascension.

Table 4. DA genetic distances above the diagonal FST between pairs below the diagonal.

Ganadarias PA JC JM NC CD PC MG VM MV

PA 0 0.1316 0.2396 0.3454 0.2347 0.2307 0.1303 0.3906 0.3606
JC 0.0367 0 0.2310 0.3171 0.2236 0.2764 0.1519 0.4170 0.3881
JM 0.0268 0.0549 0 0.3696 0.2170 0.2457 0.2106 0.4823 0.3558
NC 0.1597† 0.1871† 0.1482‡ 0 0.3841 0.3387 0.2982 0.5117 0.3414
CD 0.0160 0.0767 −0.0821 0.1689‡ 0 0.3041 0.2277 0.4521 0.3892
PC 0.0101 0.1072 −0.0601 0.1074 0.0104 0 0.2558 0.5243 0.3748
MG 0.0489† 0.0672† 0.0478 0.1614† 0.0693 0.0851‡ 0 0.4112 0.3462
VM 0.2512† 0.3132† 0.3148† 0.3757† 0.2954† 0.3439† 0.285† 0 0.4770
MV 0.2086† 0.2511† 0.1849† 0.2159† 0.2225† 0.1993† 0.2362† 0.3543† 0

Bold values indicates the maximum and minimum DA genetic distance and the highest and lowest FST values.
‡P < 0.01.
†P < 0.001.

Table 5. Indices of Wright of genetic differentiation for the
ganadarias studied.

Locus f F θ

BM1818 0.200 0.297 0.121†

BRRIBO 0.020 0.161 0.143†

SPS115 0.200 0.313 0.142
INRA23 0.033 0.257 0.231†

CYP21 −0.085 0.18‡ 0.244†

ETH152 0.099 0.283 0.205†

BM1824 0.149 0.482† 0.391†

ETH131 0.198 0.337† 0.173†

TGLA122 0.019 0.402† 0.391†

BM2113 −0.256 −0.040 0.172†

RM067 0.137 0.42† 0.328†

TGLA227 0.026 0.199‡ 0.177†

ETH3 −0.151 0.059 0.182†

ETH225 0.007 0.200 0.194†

TGLA53 −0.095 0.123 0.199†

MGTG4B −0.140 0.082 0.195†

SPS113 −0.040 0.152 0.185†

ETH10 0.051 0.092 0.044
CSSM36 0.131 0.414† 0.325†

ILSTS035 0.319 0.416† 0.143†

BM2613 0.059 0.067 0.009
ILSTS065 −0.041 0.175 0.208†

RM006 −0.030 0.257 0.279†

BM203 −0.082 0.157 0.221†

HEL11 0.021 0.211 0.195†

TGLA345 −0.043 0.112 0.149
TGLA126 −0.001 0.109 0.109‡

ETH185 −0.085 0.165 0.23†

HEL13 −0.051 0.372 0.402†

HEL9 0.011 0.100 0.091
Média 0.017 0.217† 0.204†

†P < 0.001.
‡P < 0.05.
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The Wright estimators of genetic differentiation FIS( f )
FIT(F ) and FST(θ) are presented in Table 5. None of the
estimates of the inbreeding coefficient f was significantly
different from zero. The levels of the genetic differenti-
ation θ obtained by locus were relatively high and ranged
between 0.009 and 0.402 for locus BM2613 and HEL13,
respectively. For all the loci analysed, estimates of θ
were highly significant different from zero (P < 0.001)
except for the loci SPS115, ETH10, BM2613 and
TGLA345, HEL9. The locus TGLA126 was only signifi-
cantly (P < 0.05) different from zero. The average propor-
tion of genetic variation explained by differences among
ganadarias was 20.4 percent, which is considerably high
when compared with the variation observed among all
populations of the Portuguese cattle (Mateus et al., 2004;
Mateus, 2008; Ginja Gama and Penedo, 2010). The
remaining variation was attributed to individual differences
existing within each of the studied ganadarias.

The outcomes of the factorial analysis of correspondence
to the “Brava de Lide” breed is shown in Figure 1. As
can be seen, the “Brava de Lide” breed shows a clear sub-
structure among the individuals, which justified their
grouping into four well-defined clusters. It was interesting
to note that the cluster at the bottom left of Figure 1 was
exclusively composed by animals sampled in ganadaria
Vaz Monteiro, considered by the bullfighting experts as
the most Portuguese of all bull farmers in the country. In
turn, the cluster located in the upper right side of
Figure 1 consists of animals sampled in ganadaria
Mário Vinhas e Herdeiros de Manuel Vinhas and the clus-
ter formed in the middle upper side comprehends two ani-
mals sampled in ganadaria Nuno Casquinha. All other
animals are grouped in the fourth cluster that appears at
the bottom right side of the space defined by the three
main axes of the FCA.

Runs originally made with the STRUCTURE program
with no information regarding the source populations of
the animals allowed us to define the most probable value
of K and identify the population clusters that best explain
the partitioning of all data analysed. The Ln P(D)
increased as the K values increased, but tended to its max-
imum value when K was equal to 6, followed by a sharp
decline, which remained constant for the remaining values
of K tested (Figure 2). The results of the longest run per-
formed with the STRUCTURE program without informa-
tion on the population of origin of animals with K = 6 is
summarized in Table 6. When the assignment to a cluster
was defined as the most likely value of the occurrence of
its genotype in this cluster (Qmax), the percentage of cor-
rectly classified individuals in their population of origin

Figure 1. Factorial correspondence analysis carried out on the “Brava de Lide” Breed.

Figure 2. Average value of Ln P(D) for ten runs without information
regarding the source populations of the animals.
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ranged from 33 percent in ganadaría Palha to 100 percent
in ganadaria Nuno Casquinha, Vaz Monteiro e Mário
Vinhas. The other ganadarias to be identified by the pro-
gram as having distinct populations were the ganadarias
Jorge Carvalho and Murteira Grave. Table 7 summarizes
the individuals correctly classified and misclassified in
other clusters. As can be seen, the ganadaria Palha was
the one with more misclassified individuals, three of them
were classified as belonging to ganadaria Jorge Carvalho
and one as belonging to ganadaria Murteira Grave. All
the animals of the ganadaria Nuno Casquinha Vaz
Monetiro e Mário Vinhas are correctly classified in their
respective population of origin and with high Q values.

When the allocation of individuals was performed with
the STRUCTURE program with prior knowledge of the
source population of the animals and K = 9, it was possible
to differentiate each of the ganadarias studied (Table 8).
Approximately 95.0 percent of the animals were assigned
to their respective source populations (Table 8). Only three
individuals were incorrectly classified, two animals of the
ganadaria Palha were classified as belonging to ganadaria
Jorge Carvalho and one animal of the ganadaria Jorge
Carvalho was incorrectly classified as belonging to gana-
daria Cabral D’Ascenção (results not shown). All the
other individuals were correctly classified in their source
population. It is important to note that all animals belong-
ing to the ganadarias not recognized by the STRUCTURE
program as being distinct populations, respectively, the

ganadarias Jorge Mendes, Cabral D’Ascension and
Paulo Caetano, were all classified in their source popula-
tion of origin with huge odds (e.g. >0.9). This could
mean that if the sample in these ganadarias contemplates
more animals these ganadarias could be considered as dis-
tinct populations when we run the STRUCTURE Program
to find the most probable number of distinct populations
among our data.

Discussion and conclusions

The low patterns of genetic diversity are characteristic of a
breed that is subdivided into castes well defined in genetic
terms. No other Portuguese breed achieves a level of gen-
etic differentiation as high as that seen in the Brava Lide
breed. 20.4 percent of the genetic variation was due to dif-
ferences between the ganadarias, but otherwise the diver-
sity within each ganadaria is considerably low as
evidenced by indexes of genetic diversity presented in
this study. The high genetic distances DA also seem to
point to a high degree of genetic isolation among the dif-
ferent ganadarias studied in this work. In particular, the
ganadaria that genetically moves further away from all
the others ganadarias is the ganadaria Vaz Monteiro
with an average of DA genetic distance of 0.458 and an

Table 6. Allocation of individuals for the longest run with
STRUCTURE without the information regarding the source
population of the animals and K = 6.

Ganadarias Qmax

(%)
Q ≥ 0.8
(%)

Q ≥ 0.9
(%)

Mean
(%)

Palha (PL) 33 17 17 22
Jorge Carvalho (JC) 86 57 57 67
Nuno Casquinha (NC) 100 100 67 89
Murteira Grave (MG) 83 67 42 64
Vaz Monteiro (VM) 100 91 82 91
Mário Vinhas (MV) 100 100 83 94
Mean 84 72 58 71

Table 7. Individuals correctly classified and misclassified in other clusters made with the STRUCTURE program without knowing the
source population of the animals and with K = 6.

PL JC JM NC CDA PC MG VM MV N %

Palha (PL) 2 3 0 0 0 0 1 0 0 6 33
Jorge Carvalho (JC) 0 6 0 1 0 0 0 0 0 7 86
Jorge Mendes (JM) 1 1 0 0 0 0 0 0 0 2 0
Nuno Casquinha (NC) 0 0 0 3 0 0 0 0 0 3 100
Cabral D’Ascenção (CD) 1 1 0 0 0 0 0 0 0 2 0
Paulo Caetano (PC) 1 1 0 0 0 0 0 0 0 2 0
Murteira Grave (MG) 2 0 0 0 0 0 10 0 0 12 83
Vaz Monteiro (VM) 0 0 0 0 0 0 0 11 0 11 100
Mário Vinhas (MV) 0 0 0 0 0 0 0 0 6 6 100

Bold values indicates the animals correctly classified in his respective cluster.

Table 8. Allocation of individuals for the longest run with
STRUCTURE regarding the information about the source
population of the animals and K = 9.

Ganadarias Qmax Q ≥ 0.8 Q ≥ 0.9 Mean
(%) (%) (%) (%)

Palha (PL) 67 50 33 50
Jorge Carvalho (JC) 86 71 71 76
Jorge Mendes (JM) 100 100 100 100
Nuno Casquinha (NC) 100 100 100 100
Cabral D’Ascenção (CD) 100 100 100 100
Paulo Caetano (PC) 100 100 100 100
Murteira Grave (MG) 100 92 83 92
Vaz Monteiro (VM) 100 91 82 91
Mário Vinhas (MV) 100 83 83 89
Mean 95 87 84 89
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average coefficient of genetic differentiation FST of 0.317,
also being the one with more private alleles (20). Let us
remember here that the ganadaria Vaz Monteiro is consid-
ered by all breeders of “Brava de Lide” as the most
Portuguese of all ganadarias existing in Portugal, so its
genetic separation from all other ganadarias was somehow
expected.

An unexpected result in this study was the zero deviations
from HWE, unlike the results reported by Mateus et al.
(2004), where the breed “Brava de Lide” was the one that
showed more deviations (five deviations) to the HWE.
Maybe the deviations found in that study were due to the
substructure characteristic of this breed and when this sub-
structure was dismantled in this work, it resulted in zero
deviations from HWE.

As we can see, there is a clear substructure within the
breed “Brava de Lide”, which resulted in obtaining the
four clusters achieved by FCA and the six clusters
obtained with STRUCTURE. A similar result was pre-
sented by Cañón el al. (2007), who obtained 31 different
clusters for the 77 ganadarias covered by their study, hav-
ing the genetic variability among the studied ganadarias
reached 20 percent, a similar result to that obtained in
the present study, despite the much smaller number of
ganadarias covered, which only confirms the enormous
genetic diversity found among the various ganadarias
constituting this cattle breed.

In this study, and using the STRUCTURE program, we
were able to identify six of the nine ganadarias used,
which is a considerable number. But when we run the
STRUCTURE program knowing the source populations
of the animals, we were able to identify all the nine gana-
darias studied. The variation among groups was 20,4 (FST

= 0.204) and for this level of differentiation among the
populations we believe that all ganadarias studied would
be well differentiated, as was proven when the
STRUCTURE program was run with the a priori knowl-
edge of the source populations of the animals. Notice that
the animals of those ganadarias not recognized by the
STRUCTURE program are classified with high percentages
(>0.9) in their populations of origin when the program was
run with the knowledge of the source populations of ani-
mals. These results were not at all unexpected if we con-
sider that this breed began to be selected during the
eighteenth century (Felius, 1995). As a result of the selec-
tion process and creation schemes, the breed gave rise to a
small number of well-differentiated lines or castes, trad-
itionally raised on farms, where the reproductive isolation
was imposed. Strategies for establishment of this breed
also favoured the prevalence of breeding or breeding
lines, selected for behavioural traits (e.g. aggressiveness
and nobility), which contributed to an increase in inbreed-
ing and a reduction in heterozygosity. This farming system
led to a divergence between farms and produced several
subpopulations among which it is even possible to observe
morphological differences. Regarding the results achieved

in this study, the low levels of within genetic diversity in
contrast with the high level of genetic differentiation
among all the ganadarias tested in the present work
seems to point at genetically different populations where
the reproductive isolation is working well and it is, there-
fore, this isolation the determining factor of the substructure
found in this cattle breed. The change of animals between
the ganadaria Jorge Carvalho and Palha was expected
because both shared breeders of the same origins (Lucas,
personal communication). The ganadarias better differen-
tiated genetically are, without any doubt, ganadarias
Nuno Casquinha, Mário Vinhas and ganadaria Vaz
Monteiro. Note the fact that only these ganadarias include
all their animals in the same cluster, when the
STRUCTURE Program was run without a priori knowl-
edge of the source populations of the animals. The gana-
daria Mário Vinhas e Heirdeiros de Manuel Vinhas
because its caste is pure Santacoloma, one of the main
Spanish castes, although lately have entered reproducers
Los Caminos and Buendia. The ganadaria Vaz Monteiro,
the oldest in Portugal, was incorporated in its beginning
in 1843, with cows and breeders of the pure Portuguese
caste, coming from the Marquês de Vagos and has been
kept in the same family without the introduction of any
other blood, constituting a unique caste that must be pre-
served, which is the true offspring of the Portuguese
“Brava de Lide” breed. Mateus (2008), when proceeding
to the classification of animals of Portuguese cattle breeds
in their populations of origin using the STRUCTURE
program, systematically classified the four animals of
“Brava de Lide” breed sampled in the ganadaria Vaz
Monteiro in another population, running the program either
with or without the knowledge of their source populations.
Therefore, special attention should be given to animals of
this ganadaria if we do not want to miss a valuable genetic
resource, which is the true Portuguese cattle breed “Brava
de Lide”. We also believe that we have confirmed the
importance of preserving these genetic resources to enrich
the animal genetic resources of the country, due to the
great variability between ganadarias.
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