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Abstract

Genotype data from 30 microsatellites were used to assess the
relationships among 12 native Portuguese cattle breeds and the
Brazilian Caracu. Phylogenetic studies and calculation of genetic
distances helped identify primary European and African evolution-
ary lineages of the Brown Concave and Red Convex cattle breeds.
The Brown Concave cluster was supported by 100% and 91% of
the bootstraps. The Red Convex group was established by 99% and
62% of the bootstraps performed. Another cluster with great statis-
tical support established by the genetic distance tested in this work
was the Barrosa and Cachena group. This cluster was supported by
99% of the bootstraps. However, the grouping of these two breeds
with the other members of the Brown Concave group does not have
large statistical support. In fact, the main genetic distances that sep-
arate these two breeds from Arouquesa, Marinhoa and Mirandesa
(Brown Concave branch) were larger than the main genetic distanc-
es for the group formed by the Red Convex breeds of African origin.
In this context, it can be admitted that the cattle corresponding to
this group would have to be settled in the Iberia Peninsula probably
during the long Moorish occupation or before that. However, the less
robust results were obtained in the elucidation of the evolutionary
process of the two breeds belonging to the Black Orthoid group. The
greater genetic closeness found in the present work between the
breeds of the Black Orthoid group and the Red Convex group can
imply an African origin for the first evolutionary group.
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Introduction

The Iberian Peninsula was throughout its history invaded, con-
quered, or simply visited by a wide variety of people of different
cultures, from regions as diverse as Africa, the Mediterranean or the
rest of Europe. Ancient Iberians, Phoenicians, Carthaginians, Romans
Visigoths and Arabs introduced diverse animal populations. These
contributed to the formation of ethnic or evolutionary branches of
breeds now found in Portugal. In terms of external morphology, the
cattle breeds present in the Iberian Peninsula can be divided into three
distinct evolutionary branches [1,2]: The Brown Concave or Canta-
brian, the Red Convex or Turdetano, and the Black Orthoid or Iberian
group. The Brown Concave is characterized by a concave head profile
or subconcave, coat of brown or straw hue, horns insertion type ortho-
ceros and black mucous membranes. The Red Convex is characterized
by presenting the head profile distinctly convex or subconvex, coat of
reddish hue, horns insertion type opisthoceros and nacreous mucosal
membranes. Finally, the Black Orthoid is characterized by its straight
head profile, the dark or even black hair, and the horns with an orthoc-
eros type of insertion and black mucous membranes. The distribution
of Portuguese cattle breeds by these three evolutionary branches are
as follows: The branch Brown Concave includes the Northern breeds
Mirandesa, Marinhoa, Arouquesa, Barrosd and Cachena; the Red
Convex branch includes the Southern breeds Alentejana, Mertolen-
ga, Garvonesa or Chamusca, Minhota or Galician from the north and
Ramo Grande a breed from the Azores islands; the breeds Maronesa
from North and Brava de Lide from South belong to Black Orthoid
evolutionary group. In addition to these three evolutionary branches,
[3] considers the existence of a fourth evolutionary group between the
Portuguese cattle breeds. This would include only the breeds Barrosa
and Cachena whose insertion (type procherus) and horn’s size, high
elasticity of the skin, great development of the dewlap and umbilical
fold and fineness of the members, point to the direct descendants of
the species Bos opisthonomus, representative of the wild African cat-
tle.

The origins of cattle in Europe, particularly the Iberian Peninsu-
la, can be traced to the Fertile Crescent [4-7]. Migrations of peoples
through two main routes [8,9] share a common axis - The Mediter-
ranean Sea. The northern route, also known as the route of the Dan-
ube [8] moved from Asia Minor towards the west and after crossing
the Bosphorus into Central Europe and then went to the lake areas
of Switzerland, the British Isles and the Iberian Peninsula. The other
route, designated southern route or Mediterranean [8] is taking advan-
tage of the same point of origin, headed west toward Egypt and trav-
elled throughout North Africa along the Mediterranean coast having
subsequently, reached the Iberian Peninsula and Europe after crossing
the waters of the Strait of Gibraltar. We believe that the Portuguese
cattle breeds are current representatives of these two migration routes.
Thus, the evolutionary branches Brown Concave and Red Convex
will be representatives of European and North African expansions,
respectively [8,10,11,]. To confirm these origins, a study of mtDNA
sequence polymorphisms clearly suggested a major influence of the
African on the breeds of southern Portugal belonging to the Red
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Convex group [10,12]. The third and controversial evolutionary
group, the Black Orthoid, was considered a direct descendant of
ancient wild cattle (Bos taurus ibericus) that existed in the Iberian
Peninsula before the arrival of other breeds [2]. Probably, this evolu-
tionary branch has evolved from the long horns of Hamitic cattle do-
mesticated and introduced by North African Berbers who invaded the
Iberian Peninsula in prehistoric times [9,10,13]. The recent discovery
of mtDNA haplotypes of African origin in several varieties of Span-
ish Fighting Bulls [14], and more recently in the Portuguese Brava
de Lide [12] could substantiate this hypothesis. The main objectives
of this work were to study the microevolutionary process of the Por-
tuguese native cattle breeds and attempt to clarify the phylogenetic
relationships between them.

Material and Methods
Animals

In this work we studied twelve samples of populations of cattle
representing twelve purebred registered in herd books (LG) of breed-
er’s associations in the country. These included the breeds: Alenteja-
na (ALT), Arouquesa (ARQ), Barrosa (BRS), Brava de Lide (BRV)
(Fighting Bull), Cachena (CCH), Garvonesa or Chamusca (GRV),
Galician or Minhota (MNT), Marinhoa (MRH,) Maronesa (MRN),
Mertolenga (MRT), Mirandesa (MRD) and Ramo Grande (RGD). Of
all the animals we sampled a selection of fifty animals per breed, ex-
cept for breeds Brava de Lide (n = 40), Garvonesa or Chamusca (n
= 30) and Ramo Grande (n = 15), taking into account the following
criteria:

a. Choose exclusively animals registered in herd book of the breed;

b. Select animals in order to obtain a representative sample of the
dispersion area of the breed;

c. Avoid any kind of relationship between animals selected at least
until the third generation, and for that we used the information in
the pedigrees provided by the respective breed associations;

d. Whenever possible we tried to maintain a ratio of 50% of males
and 50% of females in the selected sample.

We also analysed a sample of 50 animals belonging to the Brazil-
ian breed Caractl, descendant of Iberian cattle brought to Brazil by
Portuguese settlers until the mid-sixteenth century. The inclusion of
this breed which allowed us to analyse the genetic proximity between
the Portuguese breeds and what is considered one of the few breeds
descent of Iberian cattle living in Brazil [15]. Phylogeny studies (the
utility had to serve as outgroup) enable phylogenetic trees with a com-
mon ancestral origin. Table 1 summarizes populations of samples un-
der study.

Microsatellites markers and PCR parameters

The microsatellites used were BM1824, BM2113, BM2613,
BM1818, BM203 INRA023, MGTG4B, RM067, ETH131, ETH10,
ETH225, ETH152, ETH185, ETH03, ILSTS035, ILSTS065 RM006,
HEL9, HEL13, HELI11, SPS113, SPS115, BRRIBO, TGLA345,
TGLAS3, TGLA227, TGLA126, TGLA122, CSSM036, CYP21 and
the conditions of amplification and detection of amplified products
can be found in Mateus et al. [16].

Country Breed Breed Evolutionary DNA Samples
Code Group a Q Total
Portugal Alentejana ALT Red Convex 26 24 50
Portugal Arouquesa ARQ Brown Concave 24 26 50
Portugal Barrosa BRS Brown Concave 27 23 50
Portugal Brava de Lide BRV Black Orthoid 15 25 40
Portugal Cachena CCH Brown Concave 10 40 50
Portugal Garvonesa GRV Red Convex 2 28 30
Portugal Minhota MNT Red Convex 25 25 50
Portugal Marinhoa MRH Brown Concave 25 25 50
Portugal Mertolenga MRT Red Convex 25 25 50
Portugal Maronesa MRN Black Orthoid 23 27 50
Portugal Mirandesa MRD | Brown Concave 25 25 50
Portugal Ramo Grande RGD Red Convex 4 11 15
Brasil Caract CRC - - 50
Table 1: Information on the breeds studied, national origin, code used for each breed,
the evolutionary group they belong and composition of the sample studied.

Data analysis
Multivariate analysis of correspondences

The graphical representation of genetic relationships among a
group of populations can be obtained through multivariate techniques
which can condense the variance of allele frequencies of loci ana-
lyzed in a set of two, three or four synthetic variables. The corre-
spondence analysis [17,18] is analogous to a multivariate method
principal component analysis but more appropriate when dealing with
categorical variables and allows for both a graphical representation
of populations and loci as a cloud of points distributed by the metric
space defined by the synthetic variables. The distance between each
point expresses the degree of similarity between them. As in principal
component analysis axes, or synthetic variables that define the space
graph where the points are independent and are represented hierarchi-
cally according to the proportion of information explained by each
one of them. Inertia, or dispersion of the points in hyperspace measure
this information. The basic concept of inertia can be related to the pa-
rameter F [19] which measures the degree of genetic differentiation
between populations, as well as genetic diversity [20]. The analysis
of correspondence between the populations studied was performed
using the module AFC (Analyse Factorial Correspondence) imple-
mented by the program genetix [21]. The spatial cluster of breeds, ob-
tained by correspondence analysis was carried out from the variance
of allele frequencies between the various loci used in this study.

Phylogenetic analysis

The software structure version 2.0 [22] was used to estimate the
number of population clusters (K) among the 13 populations under
study. Data was analyzed using the Alpha parameter and Lambda de-
fined 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 pop-
ulations. We determined the number of population clusters inferred
by the data by varying this value from K = 1 to K = 16. The software
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was set to run for 150,000 MCMC repetitions, with a 50,000 burn-in.
It was determined empirically that these values for the size of the run
were enough to ensure convergence of parameters to estimate [23].
Each value of K was performed with 10 runs; the most likely value of
K was determined by the highest average of the maximum likelihood
of the data LnP (D) with smaller variance. The way how the popula-
tions were being separated by the program structure as the value of K
varied between 1 and 16 was also analysed.

The phylogenetic reconstruction between the populations studied
was done from genetic distance D, proposed by Nei et al. [24]. The
phylogenetic tree was constructed from the matrix of genetic distanc-
es according to the Neighbour-Joining algorithm [25] implemented in
the program Populations [26]. The bootstrapping procedure described
by Weir [27] was used to ascertain the robustness of the tree obtained.
The tree was later viewed and edited for the text format using the
program treeview [28]. After defining a priori groups of populations
using information on geographical distribution, branches and evolu-
tionary clusters obtained by the phylogenetic reconstruction, a hier-
archical analysis of variance was carried out, which distributes the
total variance into covariance components associated with differences
inter-individual and / or inter-population. These components of cova-
riance were then used to calculate fixation indices whose level of sig-
nificance was tested by a non random permutations method described
by Excoffier et al. [29]. This analysis was performed using AMOVA
module implemented by the program ARLEQUIN [30].

Results

We determined the most probable value for K by running the
structure software without information about animal populations.
This enabled us to identify population clusters that best matched the
partitioning of all analysed data. The LnP (D) increased as the K val-
ues increased but tended towards a plateau when K approached his
most likely value (Figure 1). When similar values of the LnP (D) are
associated with different values of K, is recommended [23] that the
choice rests with the lower value of K, since this seems to be the value
that best explains the structure of data. In our analysis, the average
value of the ten runs of the LnP (D) was maximum for K = 14 but, as
for K = 13 the difference was minimal (53562.13 vs. -53577.88). The
value of K = 13 were chosen as the best fit for the structure of our data
and 13 is precisely the number of populations studied in the present
work.

In figure 2, we can observe the dispersion of breeds according to
the first three axes that explain this dispersion. Obviously, the first
three axes explain 44.15% of the total inertia observed between the
breeds. The first axis explains 19.56% of the total dispersion and
separates the Caract from the other Portuguese breeds. It was not
surprising that the contribution of this breed to the total inertia ex-
plained by the first axis was 95.8% [31]. Conversely, the second axis
explains 14.82% of the total inertia, clearly separates the Mirandesa
Marinhoa from the other Portuguese breeds. The contribution of these
two breeds to the total inertia explained by the second axis was 78.7%
and 16.4%, [31] respectively, for Mirandesa and Marinhoa breeds.
Finally, the third axis explains 9.77% of total dispersion observed
between the study populations, clearly separated the breeds Cache-
na, Barrosd, Arouquesa from the breeds Minhota, Ramo Grande,
Garvonesa, Alentejana and Mertolenga, while breeds Maronesa and
Brava de Lide appeared to occupy an intermediate position between

these two groups. The breeds that contributed most to the total inertia
explained by this axis were the Alentejana and Garvonesa belonging
to the Red Convex branch and breeds Barrosa and Cachena belonging
to evolutionary Brown Concave group [31].
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Figure 1: Average value of the LnP (D) for ten runs without information on the pop-
ulations of the origins of animals.

Jzﬁa@%ﬁzﬁ %)
12.000"

Figure 2: Dispersion of breeds according to the three principal axes defined by the
factorial correspondence analysis.
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Table 2 presents the matrix of genetic distances D, for the studied
populations. Here, we can see that the biggest genetic distance was
found between the breeds Caracti and Mirandesa while the Cachena
and Barrosa are the ones that were closer. Among Portuguese breeds,
Mirandesa was the furthest from other populations, averaging 0.2065
for the distance used in this study.

Figure 3 shows the phylogenetic tree constructed from genetic dis-
tance DA. Here, we can observe three clusters with high support of
the 5000 bootstraps performed. One of these clusters was made by
Barrosa and Cachena breeds with a support of 99% of bootstraps per-
formed. The second cluster was formed by the Mirandesa, Marinhoa
and Arouquesa breeds with 100% of bootstraps for the cluster formed
by the first two breeds and 91% for the cluster of Arouquesa breed
to the cluster formed by the other two breeds. The third cluster was
established by the Alentejana, Garvonesa and Mertolenga breeds with
99% support for the cluster formed by the Alentejana and Garvonesa
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and 62% for the cluster of Mertolenga. Also worth mentioning is the
relatively high support for the cluster obtained between the Minhota
and Ramo Grande breeds (41% of bootstraps). Both the cluster of the
Maronesa and Brava de Lide had reduced support from the bootstraps
performed.

MRH
MRD

BRV

GRV

RGD

CRC

01

Figure 3: Dendrogram obtained for the populations under study by the Neigh-
bour-Joining method applied to the D, genetic distance obtained from the allele fre-
quencies of 30 microsatellites. The values in the clusters represent the percentage of
5000 bootstraps. The Caracu was used as outgroup.

Breeds were grouped in the tree according to the evolutionary
groups they belong to. Thus, at the top of the tree we found the breeds
belonging to evolutionary branch Brown Concave while at the bottom
are breeds belonging to the Red Convex evolutionary group. Between
these two main branches, we found representatives of both breeds
belonging to the Black Orthoid evolutionary group.

It was interesting to see how populations have been separated as
K increased. Thus for K = 2, the first populations to be separated
from other populations were Mirandesa and Marinhoa (Figure 4A),
which confirmed the genetic proximity of these two breeds, already
cited in the present work. The outcome of runs for K = 3 was the
separation of Caract breed (Figure 4B) from the remaining popula-
tions. This breed remains as a single breed until the last tested value
of K. In turn the last breeds to be separated are precisely the Barrosa
and Cachena breeds, confirming their genetic identity. Note that when
K = 12 (Figure 4C) breeds Barrosa and Cachena are grouped in the
same cluster but for K = 13 (Figure 4D) they are separated for differ-
ent clusters The most frequent result for K = 4 (Figure 4E) was the
separation of the breeds belonging to the Red Convex evolutionary
group from the remaining populations, which reinforced the theory
of their common origin. The Black Orthoid evolutionary group were
separated from other populations belonging to the Brown Concave
evolutionary group for K = 5. It should be noted in figure 4F that the
Maronesa and Brava de Lide breeds formed a cluster separated from
the remaining populations, which is consistent with our proposal that
these two breeds had a common origin. These breeds were finally sep-
arated for K = 6 (Figure 4G), keeping all other populations grouped
as follows: Caracu isolated from the remaining breeds; the breeds of
the Red Convex evolutionary branch grouped in the same cluster, and
the breeds of the Brown Concave evolutionary group divided into two
clusters the first constituted by a set that are more homogeneous and
represented by the Mirandesa and Marinhoa breeds, the second com-
prised a more heterogeneous group which included the Arouquesa,
Barrosa and Cachena breeds.

Not less interesting was to see what happened to K-values greater
than the number of breeds analyzed in this work. Therefore, the out-
come of the run for K = 14 (Figure 4H) confirmed the trend that the
population Mertolenga had to separate in two clusters. It is important
to know that the Mertolenga breed consists of a very heterogeneous
population of animals being currently constituted by three varieties or
ecotypes corresponding to three different phenotypes: The Malhado
de Castanho, the Rosilho ou Mil Flores and the Unicolor. The other
breed that showed a similar trend was the breed Brava de Lide. Notice
how this breed is clearly separated into two clusters in the run with K
=15 (Figure 41I). This tendency could be associated with the existence
of a substructure within populations Mertolenga and Brava de Lide.
To clarify this aspect of the structure of these populations an Facto-
rial Analysis of Correspondence was performed only with these two
populations which allowed us to see what the dispersion of the indi-
viduals in the space defined by the hypergeometric three major axes,
depending on the variance of its allele frequencies and thus analyze
whether or not there are some kind of substructure within populations.
The results of the Factorial Analysis of Correspondence to the breeds
Brava de Lide and Mertolenga is shown in figures 5 and 6. As can
be seen in the breed Brava de Lide (Figure 5) was observed a clear
substructure 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
5 was exclusively composed of animals sampled in ganaderia Vaz
Monteiro, considered by experts in bullfighting, the most Portuguese
of all bull farmers in the country [32]. In turn, the cluster located in
the upper right of figure 5 consist of animals sampled in ganaderia
Mério Vinhas e Herdeiros de Manuel Vinhas and the cluster formed in
the middle upper side comprehend two animals sampled in Ganadaria
Nuno Casquinha. In the Mertolenga breed (Figure 6) this substructure
was not so evident, although there is a clear tendency for the animals
of the variety Malhado de Castanho and Unicolor to distribute the
first, preferably to the left, and the latter to the top of the space defined
by the three main axes of analysis factorial of correspondence.

The values of variance analysis of the groups defined based on
information known a priori are presented in table 3. The largest vari-
ation was obtained when the breeds were grouped taking into account
the cluster obtained by phylogenetic reconstruction. For all the struc-
tures tested were obtained highly significant P values.

Discussion and Conclusion

As we have seen the AFC allowed us to have a general but very
efficient idea about the genetic differences between the breeds stud-
ied. Indeed the first component clearly isolated the breed Caract from
the other Portuguese breeds. This clear separation of Caracu breed
from the other Portuguese breeds was due to the action of alleles that
were only present in Caracti and were not found, or were present in
very low frequencies in other breeds. This marked separation of the
Caracu breed from the others Portuguese breeds was expected consid-
ering the amount of private alleles showed by this breed (16 alleles)
[31]. Moreover, despite the fact that their breed ancestry is Portu-
guese, throughout its history has been reported its crossing with other
local and imported breeds, including with zebu cattle [15,33,34]. The
second component clearly separated the Mirandesa and Marinhoa
breeds from the other Portuguese breeds. Once again it was decisive
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the action of alleles that are found with great frequency in these two
breeds and their presence was vestigial in the remaining breeds [31].
More interestingly, in the evolving context of the breeds studied ap-
peared to be the action of the third component. In fact this axis clear-
ly separated the Alentejana, Garvonesa, Minhota, Ramo Grande and
Mertolenga belonging to evolutionary group Red Convex from the
Barrosa, Cachena and Arouquesa belonging to the evolutionary group
Brown Concave, while Maronesa and Brava de Lide, belonging to
the evolutionary branch Black Orthoid occupy an intermediate posi-
tion between those two groups. Interests should also be noted that the
Barrosd, Cachena and Arouquesa are displaced in the space defined
by the three main axes for the side where we find the two other repre-
sentatives of evolutionary group Brown Concave, the Mirandesa and
Marinhoa breeds.

The phylogenetic reconstruction, relatively high bootstraps val-
ues were obtained when compared with other phylogenetic studies
performed with microsatellites [35-37]. Based on historical knowl-
edge and morphological phylogenetic tree obtained with DA distance
proved to be consistent with the expected relationships between the
breeds studied, which confirmed the accuracy of this genetic dis-
tance in obtaining the correct topology, as shown by Takezaki and
Nei [38,39]. Moreover, in this study, we were able to identify with
considerable statistical support the two major evolutionary branch-
es of Portuguese native cattle breeds to the corresponding European
and African expansions, the groups Brown Concave and Red Convex
respectively. In fact the tree obtained with D, genetic distance, the
Brown Concave and Red Convex were clearly grouped. Within the
group Brown Concave breeds Mirandesa Marinhoa were the closest
pair and were grouped together with 100% of bootstraps performed.
This result is consistent with historical details that describe the Marin-
hoa as a breed derived from Mirandesa probably crossed with Minho-
ta breed, which was selected to work in heavy traction alluvial lands
of the north coast of the country [10,40]. The bootstrap values for the
cluster of Arouquesa breed to the other members of this group was
high (91%). We also believe that the ecological dismemberment of
Arouquesa within the group of breeds that make up the Brown Con-
cave group has been before that the breakup of Marinhoa, having the
animals of that breed arrived in Portugal in the form of domesticated
animals, while the breakdown of the breed Marinhoa has occurred
after the arrival of domesticated cattle to the Portuguese territory. All
evidence of this study seems to indicate that the breed Mirandesa is
the most ancient representative of this evolutionary branch. Notice the
great separation of this breed from the remaining Portuguese breeds
averaging 0.2065 for the genetic distance used in this study. Similar
results were reported for this breed by Cafion al. [41], and Ginja et al.
[42]. Several aspects related to the history, culture, the morphology
of the breed itself, and its production system can justify these result.
The breed Mirandesa because of his corpulence - morphological type
- (1st or 2nd among the Portuguese breeds) did not justify the crossing
with other Portuguese breeds. Moreover, the people of Miranda (Mi-
randés) have always been very socially closed to outside influences
as well as being conservative in its traditions. To understand this, just
check that they were able to maintain their own language, the Miran-
dés, until today although the official language is Portuguese. There-
fore, these social and anthropological aspects would obviously reflect
in the animal production system, especially as regards the selection
of a particular morphological type of animal and non introgression
of animals of other breeds. Furthermore the fact that the Mirandesa

Breed have been the first to have a center for breeding and animal
selection, to have recourse to Artificial Insemination (Al) besides
having been one of the first breeds to establish a herd book in the Ibe-
rian Peninsula. All these aspects have contributed to the genetic iso-
lation of this population relative to the others Portuguese breeds. The
European origin of this evolutionary group may be compromised by
having been found mtDNA haplotypes of African origin in Arouque-
sa and Mirandesa breeds [12], but the small number of animals with
this haplotype leads us to conclude that they may have been acquired
already here in Portugal through the Portuguese crosses with breeds
of African origin (e.g., Cachena, Barrosa, Alentejano).

Another cluster with high statistical support provided by the ge-
netic distance tested in this study was the group formed by Barrosa
and Cachena breeds. Indeed, this cluster was supported by 99% of
bootstraps performed in this work. This cluster was probably the most
anticipated, as the current population recognized as Cachena is in mor-
phological and genetic terms, a variety of Barrosa [43]. The grouping
of these two breeds with the other members of the Brown Concave
branch didn’t have large statistical support (38% of the bootstraps
performed). It is true that the majority of Portuguese authors advo-
cate an African origin for the breeds Barrosd and Cachena [9,43-47].
In fact the average D, genetic distance that separated these two breeds
from the breeds Arouquesa, Marinhoa and Mirandesa (Brown Con-
cave branch) were higher than average genetic distances for the group
formed by the branch of the Red Convex breeds of African origin
(0.1462 vs 0.1448). In this context, it may be assumed that the cattle
that correspond to this group have been installed in Iberia, probably
during the long Arab occupation or prior to this [11,43]. Recently Gin-
jaetal. [12], showed some frequency of mtDNA haplotype of African
origin among these two breeds confirming its origin in North Africa.
Therefore we propose the creation of a new evolutionary group; be-
tween the already existing for Portuguese cattle that includes only
these two breeds and which we will designate Brown Concave with
Very Long Horns.

The results obtained by phylogenetic reconstruction for Breeds
that make up the Red Convex branch were less robust than the results
obtained for the Brown Concave group. Breed Garvonesa was de-
scribed as having been derived from Alentejana [10,48], therefore the
grouping of these two breeds in the same cluster has been established
for 99% of bootstraps for distance studied in this work. The breed
Alentejana and the Spanish Retinta are considered the same breed and
its genetic proximity was checked by Cafion et al., and Beja-Pereira
et al. [1,41]. The breed Mertolenga consists of a very heterogeneous
population of animals and will have had its origin in the breed Ber-
renda en Colorado of Andalucia subsequently suffered crossbreeding
of Alentejana, Brava de Lide and Retinto [10]. In accordance with its
origins, the breed is grouped with the breeds Alentejana and Garvone-
sa although statistical support for this cluster was lower (62%). The
other two breeds of the branch Red Convex, the Minhota and Ramo
Grande breeds were grouped together and this cluster was supported
by 41% of bootstraps. Two theories can be advanced to explain this
result: 1) The cattle breed Minhota may have actually been the origin
of cattle Ramo Grande of Azores; note on the morphological simi-
larities between these two populations of cattle or, 2) the successive
crossbreeding that these breeds were subjected to throughout their
history with yellow breeds of central Europe, notably the breed Gel-
bieh in the case of Minhota (Lenstra personal communication [49])
and Limousin in the case of Ramo Grande [50,51] may have allowed,
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as a result, the grouping of these two breeds. The morphological simi-
larities found between these two breeds lead us to believe more in the
first of these two theories.

The less robust results were obtained in the clarification of the evo-
lutionary process of the two breeds belonging to evolutionary group
Black Orthoid. These breeds have appeared in successive clusters on
the tree established with the distance analyse in this work. In turn,
the statistical support for his cluster was considerably lower. In mor-
phological terms, breed Maronesa fits perfectly in the Black Orthoid
evolutionary group [52]. The entry of blood from breeds Mirandesa
and Barrosa may have occurred, especially so in geographical areas of
dispersion where these two breeds coincide with the distribution area
of Maronesa [44].

Regarding the origin of this evolutionary group all the evidence
points to its probable origin in North Africa [10,12,14]. The recent
discovery of mtDNA haplotypes of African origin in several variet-
ies of Spanish Fighting Bull [14] and more recently among individ-
uals of Portuguese breed Brava de Lide [12] seemed to support this
theory. Indeed, the average D, genetic distances obtained between
the Maronesa and Brava de Lide for groups of breeds that form the
evolutionary group Brown Concave of European origin and breeds
that make up the Red Convex evolutionary group of African origin,
were 0.2380 and 0.2218, respectively. This greater genetic proximity
between the breeds of Black Orthoid branch and Red Convex can also
assume an African origin for the first evolutionary group.

For the analysis of molecular variance, all the tested structures
showed a highly significant variance between the groups formed (Ta-
ble 3), although the percentage of variance explained was minimal
in the geographical structure and maximum when the structure was
based on the groups formed by the clusters resulting from the phylo-
genetic reconstruction (1.71 vs. 2.94) (Table 3). Removing Minhota, a
breed that belongs to evolutionary group Red Convex that character-
izes the breeds of the south from the North group, we obtained a sig-
nificant increase in the percentage change in the geographical struc-
ture (from 1.71 to 1.96 with a P = 0.00001) (result not showed). The
percentage change showed an even more significant increase, indicat-
ing a value of 2.89 (P =0.00001) (result not showed) when the breeds
Maronesa and Brava de Lide respectively two breeds belonging to the
evolutionary group Black Orthoid the first belonging to the northern
group of breeds and the second to the Southern, were taken from geo-
graphical structure. These results demonstrated a great match with
those obtained by phylogenetic analysis where the two main origins
of Portuguese cattle were identified as well as with our expectations
when we considered the Black Orthoid evolutionary branch as occu-
pying an intermediate position between the Brown Concave and Red
convex evolutionary branches.

As for Caract, descended from Iberian cattle brought to Brazil by
Portuguese settlers in the mid-fifteenth century, it doesn’t appear to
be very close to Portuguese breeds. The average genetic distances be-
tween this breed and Portuguese breeds were 0.2445 for D,. Mateus
et al. [16], showed that a population of Charolais from the USA was
closest to Portuguese breeds that were Caracu. Geographic isolation
for over 400 years and the entry of blood from other breeds can prob-
ably explain this divergence.
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Figure 4: Clusters obtained for the various runs performed with the program struc-

ture: A)K=2;B)K=3,C)K=12,D)K=13,E)K=4,F)K=5,G) K =6, H) K
=14, )K= 15.
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ALT ARQ BRS BRV CRC GRV MNT MRH MRN MRT MRD CCH
ALT
ARQ 0,1302
BRS 0,1457 0,0989
BRV 0,1819 0,1444 0,1687
CRC 0,2505 0,2068 0,2374 0,2605
GRV 0,1166 0,1523 0,1758 0,1956 0,2493
MNT 0,1562 0,1153 0,1492 0,2004 0,2339 0,1698
MRH 0,1576 0,1156 0,1539 0,1982 0,2573 0,1816 0,1598
MRN 0,1456 0,1164 0,1289 0,1855 0,2373 0,1914 0,1635 0,1793
MRT 0,1117 0,1028 0,1218 0,1723 02111 0,1387 0,1228 0,1407 0,1298
MRD 0,2115 0,1392 0,1840 0,2553 0,2897 0,2353 0,2269 0,1267 0,2146 0,1987
CCH 0,1504 0,0978 0,0794 0,1808 0,2327 0,1732 0,1298 0,1510 0,1363 0,1126 0,1918
RGV 0,2086 0,1802 0,2304 0,2255 0,2677 0,2355 0,1855 0,2043 0,2009 0,1816 0,2874 0,2165
.Table 2: D, genetic distances (below diagonal) for the populations studied. Values in bold correspond to the largest and smallest D, distance
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Figure 5: Distribution of animals from the Brava de Lide breed resulting from the fac-
torial correspondence analysis performed only with the individuals of this population.
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Figure 6: Distribution of animals from the breed Mertolenga resulting from the facto-
rial correspondence analysis made only with the individuals of this population. Note
the tendency of animals of the variety Malhado de Vermelho (MV) have to move to
the right side while the animals of ecotype Unicolor (U) tend to occupy the upper part
of the space defined by the three main components of the AFC.

o
Structure Source of Variation /“ o_f Fixation indexes
Variation
Without Among Populations 8,34 FST = 0,08335 (P = 0,00000)
Structure Within Populations 91,66
Among Groups 1,71 FCT=0,017101 (P =0,00003)
Geograph- | Among populations 7,26 FSC = 0,07383 (P = 0,00000)
ical within groups
Within Populatons 91,04
Among Groups 2,44 FCT = 0,02440 (P = 0,00000)
Morphology | ‘‘mong populations 6.27 FSC = 0,06427 (P = 0,00000)
within groups
Within Populatons 91,29
Among Groups 2,94 FCT = 0,02939 (P = 0,00000)
Cluster Among populations 5,67 FSC = 0,05843 (P = 0,00000)
within groups
Within Populatons 91,39
Table 3: Distribution of genetic variability when the breeds were grouped taking into
account their geographical distribution, external morphology and clusters obtained by
phylogenetic reconstruction.
The following groups were formed. Geographical structure (Mirandesa, Maron-
esa, Barrosd, Arouquesa, Marinhoa, Minhota) (Fighting Bull, Mertolenga, Alente-
jana, Garvonesa) (Ramo Grande) (Caracu). Morphological structure (Mirandesa,
Marinhoa, Arouquesa) (Barrosd, Cachena) (Maronesa, Fighting Bull), (Alenteja-
na, Garvonesa, Mertolenga, Minhota, Ramo Grande), (Caracu). Clusters structure
(Mirandesa, Marinhoa, Arouquesa) (Barrosa, Cachena) (Maronesa) (Fighting Bull)
(Alentejana, Garvonesa, Mertolenga) (Minhota, Ramo Grande), (Caracu).

In conclusion, we can say that the results of work carried out with
30 microsatellites could identify with some robustness the main evo-
lutionary branches existing among Portuguese cattle breeds. Further-
more, this analysis also uncovered subtle aspects related to the sub-
structure of the populations, as demonstrated for the cases analyzed of
the Brava de Lide and Mertolenga breeds. Indeed, the AFC confirmed
the existing of a substructure between these two breeds. For the breed
Brava Lide this substructure is consistent with his breeding system
based on reproductive isolation made at the level of the bull farm-
ers [32]. This was demonstrated by the four clusters formed by the
AFC, one of which corresponded to what is considered by experts in
bullfighting the most Portuguese of the Portuguese bull farmers, the
ganaderia Vaz Monteiro. Special attention should be given to animals
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of this ganaderia if we do not want to miss a valuable genetic resource
which is the true Portuguese Brava de Lide breed.
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