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The Arabian Horse is one of the most valued breeds in an international and historical
context and has been involved in the formation of many other horse breeds. Since 2005,
the Spanish Arabian Horse Breeder Association (AECCA) has developed a breeding
program aimed at improving both conformation traits and endurance performance. While
this selection depends on individual breeders, a population structure might appear by
preferential mating within groups of animals according to different objectives. The aims of
this study were to determine the differences between Arabian horses bred for different
breeding objectives: endurance competitions, morphological shows and other aptitudes
and to check if this structure population can be assessed by using genealogical, molecular
tools or both. Genealogical and molecular information was randomly obtained from 120
Arabian horses. The animals were classified into three groups according to the breeding
goal: morphology, endurance and other aptitudes. Some initial analyses were carried out
to study the structure of the sampled animals using genealogical and molecular
parameters. An analysis of the genetic structure using both types of information source
was performed. Both molecular and genealogical analyses were congruent, and both
seemed to be valid when studying the genetic structure of this population. The correlation
between coancestries using molecular and pedigree information was 0.60. The differences
between the groups were minimum when compared with the genetic structure within
groups. Therefore, a horse with a specific breeding objective is not genetically much
different regard the rest of the objectives. However, the morphological group appeared as
the most separated from the rest, both at a genealogical and molecular level. Regarding
the possible impact of the subdivision in the population it can be claimed that no loss of
genetic variability is expected in the short-term, because the groups were genetically
connected.

& 2014 Elsevier B.V. All rights reserved.
1. Introduction

The Arabian Horse is one of the most valued breeds at
an international and historical level. The breed's versatility
tes).
.

for sport performance and good conformation has resulted
in an important contribution to the formation of other
horse breeds. The Spanish Arabian horse is one of the main
populations of this breed in Spain, with a census of 14,247
individuals (Magrama, 2011). The Arabian horse was
imported to Spain in the middle of the 19th century by
the Spanish Ministry of War, while private breeders started
importing these horses in the 20th century. The selection
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objective of this breed is now twofold: (1) some breeders
prefer an animal performing in endurance competitions
within other sport disciplines, (2) while other breeders try
to select animals to present in morphological shows
assessed by expert judges during European Conference of
Arab Horse Organization (ECAHO). The selection of the
animals has been based on phenotypes and on the
experience of breeders. Since 2005, the Spanish Arabian
Horse Breeder Association (AECCA) has been developing a
breeding program aimed at improving both conformation
traits and endurance performance (Valera et al., 2009) and
at selecting animals using the breeding values. While this
selection depends on individual breeders, a population
structure might appear by preferential mating within
groups of animals according to different objectives.

The analysis of the genetic structure of a population can
be carried out using genealogical or molecular informa-
tion. Traditionally, the management of genetic variability
was done by using genealogical information. But, if the
pedigree is absent or incomplete, it would be better to use
molecular information to characterize a population.
Álvarez et al. (2008), using a Spanish sheep breed as a
model, observed that the use of microsatellite markers
could be an additional tool for herd management when
pedigree is unknown or incomplete. Other authors found
similar results in conservation programs (Fernández et al.,
2005). Pedigree information is well completed in the
Spanish Arabian population, but the parentage control
has only been established since 1987 and, moreover, the
molecular information provides the additional relatedness
between animals appearing as founders in the pedigree.
The genetic management of a population might be carried
out efficiently and at low cost with pedigree data and
molecular markers (such as microsatellites) that might be
used to monitor pedigree errors. Nevertheless, the use of
pedigree and markers together may be feasible with the
development of new methods of wide scale genotyping
(Kijas et al., 2009; Meuwissen, 2009) and new generation
sequencing (Archibald et al., 2010).

When animals are selected for different breeding goals
inside the same population, this could lead to a subdivi-
sion and consequently a loss of genetic variability within
the subpopulation. Except in the case of extremely numer-
ous livestock populations, subdividing a breed to pursue
different objectives causes a substantial loss of efficiency
within each sub-set of individual animals. It is preferable,
first, to agree on the overall objectives across the breed
and then, to try to maintain the variability in the breeding
objectives in such a way that the animals are valuable for
different users (Verrier, 2011).

Four ancient genetic lines were identified in the for-
mation of the breed, but the presence of a subdivision, due
to this fact, is today scarce (Cervantes et al., 2008a).
Despite there not being a predefined mating system to
attain animals for different performances, in recent years
some Spanish Arabian horse breeders have been specializ-
ing in breeding morphological show animals (“bred for
beauty”) and others have specialized in breeding for sport
performance (“bred for endurance”) based on phenotypes.
But, since the breeding program was approved for the
Spanish Arabian horse the main objective has been to
breed animals with functional conformation. The previous
situation needs to be evaluated because the mating system
developed by the breeders might have produced a strong
differentiation between animals inside breeding objective.

The aims of this study were to determine the differ-
ences between Arabian horses bred for different breeding
objectives: endurance competitions, morphological shows
and other aptitude, to check whether this population
structure can be assessed by using genealogical tools,
molecular tools or both, and to study if promoting the
creation of specialized lines could be the right course of
action.

2. Material and methods

Genealogical and molecular information was obtained
from 120 pure Spanish Arabian horses (50 females, 48
males and 22 geldings), with ages between 3 and 14 years.
They were classified in three groups: 45 with morpholo-
gical aptitude, 49 with endurance aptitude and 26 with
other aptitudes. The sample was randomly chosen and was
previously used to carry out a morphometric analysis
(Cervantes et al., 2009). These animals were bred before
the breeding value estimation establishment, and then
only phenotypic selection was carried out on them. Clas-
sification of the animals within groups was carried out
after sampling based on the aptitude in which the horses
were bred for, i.e. the breeding goal. For the “morpholo-
gical” aptitude classification the participating animals
were evaluated for their beauty, correctness of legs, Arabic
type and basic gaits in morphological shows organized by
ECAHO. Participants in endurance races were classified as
animals bred for “endurance” aptitude; this is a sport
competition where horses have to race over long distances
(even 200 km and more) on natural tracks undergoing
several veterinary health checks during the race. The third
level of the breeding goal was “other” aptitudes including
individuals without a clear aptitude, e.g. used for recrea-
tional activities.

Some initial analyses were carried out to study the
structure of the sampled animals using genealogical and
molecular parameters. Finally, an analysis of genetic struc-
ture using both type of information source was performed.

2.1. Genealogical analyses

The genealogical analyses were based on available
pedigree information; the genealogy was traced back to
the farer known ancestors for the 120 genotyped animals
with a mean of 7.7 equivalent generations known, and a
maximum of 13.2. The total number of animals in the
pedigree was 1326. Animals with different objectives were
fully connected via genealogical information. The follow-
ing parameters were computed:

Number of equivalent complete generations (t) in the
pedigree was computed as the sum of (1/2)n, where n is
the number of generations separating the individual to
each known ancestor (Boichard et al., 1997).

Effective number of founders (fe). This parameter is the
reciprocal of the probability that two genes drawn at
random in the studied population originate from the same
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founder (James, 1972) and it is computed from the genetic
contribution of founders to the descendant gene pool of
the population (Lacy, 1989).

Effective number of ancestors (fa). To compute this
parameter, the ancestors explaining a percentage of popu-
lation higher than their parents were identified, and only
their marginal contribution that was not explained by
other ancestors previously chosen, was considered. This
parameter complements the information offered by the
effective number of founders accounting for the losses of
genetic variability produced by the unbalanced use of
reproductive individuals producing bottlenecks (Boichard
et al., 1997).

Number of founder genome equivalents (fg). Defined as
the number of founders that would be expected to
produce the same genetic diversity as in the population
under study if the founders were equally represented and
no loss of alleles occurred (Lacy, 1989). This was computed
as the inverse of twice the average coancestry of the
individuals within the population (Caballero and Toro,
2000).

Inbreeding coefficient (F) defined as the probability that
an individual has two identical genes by descent (Malécot,
1948).

Average relatedness coefficient (AR) of each individual,
defined as the probability that an allele randomly chosen
from the whole population belongs to a given animal
(Goyache et al., 2003; Gutiérrez et al., 2003).

Coancestry coefficient (f) computed as the probability
that two alleles randomly sampled from two individuals
are copies from an allele of a shared ancestor.

Effective population size, computed using both the
individual increase in inbreeding (c) (Gutiérrez et al.,
2008, 2009; Cervantes et al., 2008b) and the increase in
pairwise coancestry ðNeCÞ (Cervantes et al., 2011a). The
individual increase in inbreeding was defined as
ΔFi ¼ 1�

ffiffiffiffiffiffiffiffiffiffiffiffi
1�Fi

ti � 1
p

, with ti as the number of equivalent
complete generations and Fi as the inbreeding coefficient
of an individual i. The increase in coancestry between any
pair of individuals j and k, can be computed as
Δcjk ¼ 1� ffiffiffiffiffiffiffiffiffiffiffiffiffi

1�cjkððtj þ tk Þ=2Þ
p

, where cjk is the inbreeding of a
descendant from both, and tj and tk are the number of
equivalent complete generations for the parents. Both
parameters take into account the exclusion of self-
fertilization. By averaging the individual increase in
inbreeding and the increase in pairwise coancestry for all
pairs of individuals in a reference subpopulation, effective
population size was estimated based on inbreeding
Ne ¼ 1=2ΔF and in coancestries NeC ¼ 1=2ΔC . The ratio
between both effective sizes (NeC=Ne) was also computed
in order to ascertain the presence of population structure.
2.2. Molecular analyses

To develop the molecular analysis, the DNA was
extracted from a sample of the hair root of each individual.
These animals were genotyped for 16 microsatellite mole-
cular markers (AHT4, AHT5, ASB17, ASB23, CA425, HMS1,
HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, HTG6, HTG7,
VHL20 and ASB2) recommended for paternity tests and
individual identification by the International Society for
Animal Genetics (ISAG).

Parameters related to the genetic variability and allelic
diversity were obtained such as:

Observed heterozygosity (Ho), computed as the propor-
tion of observed heterozygotes regarding the total number
of tested individuals.

Expected heterozygosity (He), computed as the frequency
of heterozygotes expected under random mating. We use
the following expression: He ¼ 1�∑p2i , with pi the allele
frequency (Nei, 1987). Standard error of both heterozyg-
osities were computed using bootstrapping (Gutiérrez
et al., 2005).

Effective allelic number computed as the inverse of
square sum of allelic frequencies (Selander, 1976).

The rarefacted mean number of alleles was computed to
correct the simple average number of alleles per popula-
tion by the sample size (Hurlbert, 1971).

Molecular coancestry between two individuals i and j at
a given locus computed using the Caballero and Toro
(2002) rules.

To evaluate the concordance of both information
resources, the Pearson correlation between coancestries
using molecular and pedigree information was also
computed.

2.3. Population structure analyses

The following parameters were computed with both
molecular and genealogical information:

F-statistics (FST, FIS; Wright, 1978). FST is the average
inbreeding of the sub-population relative to the whole
population, FIS is the inbreeding coefficient of the indivi-
dual relative to its own subpopulation and FIT is the
inbreeding coefficient of the individual relative to the
entire population (Falconer and Mackay, 1996). These
parameters were computed following Caballero and Toro
(2000, 2002) as:

FST ¼ ð~f � f Þ=ð1� f Þ, FIS ¼ ð ~F� f Þ=ð1� f Þ and FIT ¼ ð ~F� f Þ=
ð1� f Þ where ~f and ~F are the mean coancestry and the
inbreeding coefficient for the entire population, and, f the
average coancestry for the subpopulation. The F statistics
were computed using the same expression for molecular
and genealogical approach but, notice that ~F in the case of
the molecular parameters is not the same as genealogical
inbreeding, defined as the probability that an individual
has two identical alleles by descent (Malécot, 1948), but
the homozygosity, referred to the identity by state
(Caballero and Toro, 2002).

The F-statistics were standardized by the sample size
when assessed from genealogical information (Bartolomé
et al., 2010). For molecular analyses a measure of uncer-
tainty was obtained via bootstrapping (Simianer, 2002;
Baumung et al., 2006).

The genetic structure was also analyzed using STRUC-
TURE software (Pritchard et al., 2000). The best K-value,
corresponding with the number of subpopulation, was
calculated from ΔK, and based on second order rate
changes for the likelihood with respect to K using equation
ΔK¼m[L″K]/s[L(K)] (Evanno et al., 2005). Also the rate
of posterior probability of the data given L, Pr(X/K), the
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Ln P(D) (L(K)) given by the software was used as criteria.
Twenty (20) runs were done per each k (from K¼2 to
K¼5).

Parameters assessed from molecular information were
obtained using the software MOLKIN 2.0 (Gutiérrez et al.,
2005) and those attained from pedigree were computed
with ENDOG v.4.8 (Gutiérrez and Goyache, 2005).

3. Results and discussion

Since the breeding program was approved for this
breed, the global objective of breeding animals with
functional conformation was defined by the managers of
the breed. However, breeding is in practice carried out by
local farmers who could have promoted, or not, the
creation of specialized lines using phenotypes. An analysis
aimed at discovering a structure for breeding objectives
(endurance competitions, morphological shows and other
aptitude) was conducted by using a sample of animals
previously analyzed from a morphometric perspective
(Cervantes et al., 2009). They are assumed to represent
the whole Spanish Arabian population in which pedigree
analyses were possible (Cervantes et al., 2008a). However,
other analyses involving laboratory methods are only
feasible with small sample sizes. Here both types of
analyses, using genealogical and molecular tools, were
carried out on the same animals and a comparison
between methodologies was also possible.

3.1. Genealogical analysis

The previous genealogical analysis was a study of the
structure of the samples as a representation of the breed.
Since the samples were taken at random before the
animals were classified within groups, the sample sizes
were expected to represent the proportion of the animals
Table 1
Genealogical and molecular parameters characterizing the genetic variability in t
breeding objectives and for the total population.

Morphol

Number of analyzed individuals 45
Number of founders 178
Effective number of founders 39
Total number of ancestors 60
Number of ancestors explaining 50% of the genetic variability 7
Effective number of ancestors 16
Number of founder genome equivalents 7.2
Realized Effective size based on inbreeding 41.3
Realized Effective size based on coancestry 59.3
Ratio NeC=Ne 1.4
Average inbreeding (%) 7.7
Average coancestry (%) 7.0
Average number of equivalent complete generations 7.2
Observed Heterozygosity (Ho) 0.52970
Expected Heterozygosity (He) 0.64170
Effective Number of alleles (NEA) 3.374
Rarefacted mean number of alleles (ag) 6.063
FIS (NS) 0.00773
FIS (S) 0.00625
FIS (mol) 0.17070

NS: Genealogical FIS not standardized by size samples; S: Genealogical FIS stand
in the breed. Therefore, it seemed that the breed was made
up of the following objectives: 37.5% “Morphology”, 40.8%
“Endurance” � and 21.7% “Other”.

Table 1 shows the main genealogical parameters char-
acterizing the genetic variability in the three groups and in
the total samples. All groups showed similar pedigree
knowledge between 7.2 and 8 average number of complete
equivalent generations. The total number of founders was
178 in the morphology group followed by the value found
for the “other” group (146) and the lowest value was for
the endurance group (123). The effective number of
founders ranged between 25 (“endurance”) and 39
(“morphology”).

Regarding the ancestors they had similar numbers, 60
for the “morphology” and 57 for “endurance” groups but
only 40 ancestors were identified for the “other” group.
The effective number of ancestors, ranged between 11
(“endurance” and “other”) and 16 (“morphology”), with
the highest to the morphology group. The number of
founder genome equivalent also showed this loss of
genetic diversity, ranging between 7.2 (“morphology”)
and 4.7 (“endurance” and “other”). Note that some of
these parameters could not be representative of the whole
population, since this depends on the sample size. For
example, parameters regarding founder genome equiva-
lents could have underestimated the genetic diversity if
descendants of some founders with low representation
were not sampled at random. Here the samples were
taken at random using horses spread throughout Spain
and when compared with an analysis of the whole
population (Cervantes et al., 2008a), values of fa and fe
for morphology group were more similar to those found in
this previous study; 39.5 for fe and 13 for fa for animals
born between 1995 and 2004.

The ratios fe/fa in every group were similar and around
2.3–2.4 lower that the ratio found in the whole population
he Arabian Horse population considering different animal groups for their

ogy Endurance Other Total

49 26 120
123 146 221
25 27 30
57 40 88
4 4 5
11 11 13
4.7 4.7 6.2
30.6 36.4 35.1
39.6 42.2 48.5
1.3 1.2 1.4
11 9.1 9.4
10.6 10.7 8.1
8.0 7.8 7.7

.012 0.53770.010 0.52970.015 0.53370.015

.014 0.62270.014 0.61570.020 0.63670.009
3.259 3.177 3.414
6.500 5.500 7.750
0.00473 �0.01752 0.01419 (FIT)
0.00217 �0.00990 0.01233 (FIT)

.033 0.15070.028 0.13670.039 0.16670.020 (FIT)

ardized by size samples; mol: Molecular FIS.
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(Cervantes et al., 2008a) showing that in these samples a
higher bottleneck had occurred. But, despite the presence
of a bottleneck to a similar magnitude in every group,
when we analyzed the number of genome founders that
take into account other causes for the loss of genetic
variability, some differences were observed between
groups and the total sample confirming that the sample
chosen for every group produce genetic structure. This
parameter was lower in “endurance” and “other” groups
showing that the loss of genetic diversity, due to other
causes different from bottlenecks, is higher in both groups
than in the “Morphology” group (7.2 vs 4.7). On the other
hand, the fg value for the total sample (6.2) is very similar
to that found in the total Spanish Arabian population (6.6,
Cervantes, 2008). Nevertheless, these parameters did not
show a systematic lower genetic diversity than those by
Cervantes et al. (2008a). Differences between groups can
be explained by a different mating management and the
sample size that countersigns the usefulness of the sam-
ples used to analyze the genetic structure of the Spanish
Arabian breed.

The effective size is considered a parameter which can
measure the genetic variability grade from a population
and can be used to make decisions related to genetic issues
due to its direct relationship with inbreeding, (FAO, 1998;
Duchev et al., 2006). The realized effective size was 41.3 for
morphology, 36.4 for others, and 30.6 for endurance
groups. The realized coancestry effective size had the
following values: 59.3 for morphology, 39.6 for endurance
and 42.2 for other aptitude. The estimates for Ne

__
based on

individual increase in inbreeding would accurately reflect
the genetic history of the populations, namely the size of
their founder population, their mating policy or bottle-
necks due to abusive use of reproductive individuals for
the period in which the genealogies are known. All these
phenomena influence the pedigree of the individual and
are therefore reflected in the individual increase in
inbreeding (Cervantes et al., 2008b; Gutiérrez et al.,
2008, 2009). Unlike parameters regarding probability of
gene origin, bias in the estimation of the realized effective
populations sizes, both based on increase in inbreeding
and in coancestry, do not depend on the sample size since
they are assessed directly from inbreeding and coancestry
coefficients; only accuracy is affected by the sample size.
The effective size based on increase in coancestry comple-
ment the information given by that based on increase in
inbreeding in order to provide information on the effective
size of a population under random mating. Furthermore,
it has been shown that the comparison between this
Nec parameter and the individual increase in inbreeding
gives information on the degree of population structure
Table 2
Genealogical FST (above the diagonal line) among the studied groups using genea
samples are shown (S). And molecular FST (below the diagonal line) between gr

Morphology Endurance

Morphology 0.01022 (NS)
Endurance 0.0125070.0041
Other 0.0127270.0058 0.0037870.0033
(Cervantes et al., 2011a). The ratio between both para-
meters was higher in the “morphology” group (1.4), in the
“endurance” group the value was 1.3 and the lowest value
was found in the “other” group (1.2). This ratio parameter
indicates that a subdivision grade exists in each group,
being higher in the morphological group regarding endur-
ance and other aptitudes, whereas the “other” group lacks
a structure and can be considered a subpopulation almost
with randommating. This ratio found in the total sample is
1.4 which shows a similar structure in the whole sample
than the average of the groups (1.3) which suggests that a
more important structure exists in the Arabian population
than that originated by the different breeding objectives.
Comparing the realized Ne

__
and Nec values attained in the

whole population (Cervantes et al., 2011a; 34.2 for Ne

__
and

51.3 for Nec , with a ratio of 1.5) the “other” group attained
the most similar value regarding Ne and “morphology”
group attained the most similar values regarding Nec and
the corresponding ratio between realized effective sizes.
On the other hand, since we have molecular information
we can use the linkage disequilibrium method (Ne esti-
mator; Peel et al., 2004) to computed the effective size.
The results were: 81.0 for the total sample, with 27.4 for
morphology, 39.4 for endurance and 10.3 for other apti-
tudes group. Here the estimations of Ne were below the
size of the sample, but despite being a guarantee that the
size of the sample is sufficient, the theoretical assumption
of the method (no subpopulation structure, no migration)
could not reflect the real situation of the population
(Cervantes et al., 2011b).

The average inbreeding was higher for the “endurance”
group (11%), the “other” group obtained an intermediate
value (9.1%) and the lowest value corresponded to the
animals belonging to morphology (7.7%). The most similar
value to the whole population (9.8%) was the value found
in the “other” group (Cervantes et al., 2008a). All the
genealogical parameters related with the genetic variabil-
ity indicated that the morphological group was the sub-
population that retained more genetic variability.

Table 1 shows the FIS parameter and Table 2 the FST
distances (above the diagonal line), before and after
standardizing by the sample size. FIT value was positive.
FIS values were positive except for “other” aptitude; this
negative value shows that the mating was almost at
random. This was also shown in the ratio between effec-
tive sizes with the lower genetic structure. Notice that in
the genealogical computation it is assumed that all foun-
ders are not related and thus, self-coancestries will have
greater weight in the mean of coancestry within subpo-
pulations than in the molecular values. Standardization
enabled us to compare the FIS values. FIS values changed
logical information. Not standardized (NS) and standardized values by size
oups studied using molecular information.

Other

0.01123 (S) 0.01017 (NS) 0.00882 (S)
0.00836 (NS) 0.00724 (S)
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after standardization, which mainly affected the lowest
sample sizes. A decrease was observed in FIT value. FST
values also had changes after the standardization making
the morphological group more distant. The standardized
FST values ranged between 0.00724 and 0.01123. Although
the genetic differentiation is very low, showing that the
creation of specialized lines is not producing a subdivision
yet. The morphological group is the most distant of the
three groups.

3.2. Molecular analysis

The values for observed heterozygosity (Ho), expected
heterozygosity (He) and effective allelic number (NEA) and
rarefacted mean number of alleles (ag) are presented in
Table 1 for each group and for the total population. Ho

values ranged between 0.529 and 0.537 and He values
between 0.615 and 0.641 where the difference between
groups was insignificant. The difference between Ho and
He values suggested the existence of population structure
within groups. This difference was reported in other horse
populations (Achmann et al., 2004; Azor et al., 2007). For
both heterozigosities the values were higher than those
found in the Polish Arabian (Glazewska et al., 2004) and
lower than in other Arabian Populations (Khanshour et al.,
2013) and lower than in other Spanish horse breeds in
which the Ho values ranged between 0.618 for Andalusian
Horse and 0.712 for Menorquina horse (Azor et al., 2007).
Whereas He values ranged between 0.604 for Mallorquina
and 0.725 for Menorquina horse (Azor et al., 2007). Also
the values were lower than those found in the Lipizzan
horse (Achmann et al., 2004). NEA ranged between 3.177
and 3.374, and ag (between 5.500 and 6.500) being similar
across groups. Both parameters characterize the low or
high genetic polymorphism richness of the markers used.
Although values were very similar in the three groups, the
“morphological” group always presented slightly higher
values for most of all these parameters, and therefore
showing that it retained more genetic variability. Regard-
ing the total population, Ho was, as expected, the weighted
mean of those in the groups according to the animals
sampled for each of them. Under no population structure
depending on the breeding objective, He might also have
Fig. 1. Representation of ΔK calculated based on mean L(K) (black line, right ax
equation ΔK¼m[L″K]/s[L(K)] (grey line, left axis).
to be intermediate but it was higher surrounding the
higher value obtained in the groups revealing the presence
of this population structure; even much lower than that
present within groups. This is a consequence of the
rebalancing of the allelic frequencies when all the groups
are gathered into a unique one. This hypothesis of the
higher global genetic diversity was endorsed by the
observed high increase in NEA and ag parameters.

Table 1 shows the FIS and Table 2 shows the FST
parameter (below the diagonal line). FIS values were
higher than those found with genealogical data and
positive, showing again that the inbreeding is higher than
coancestry within groups (internal structure besides the
genetic structure under study). Otherwise, FST values were
low: FST ranged between 0.00378 and 0.01272, showing a
scarce genetic differentiation between the created subpo-
pulations compared with the internal structured shown
inside the group. Note that this type of markers and the
low number of them could not detect drift in specific
genomic regions, selective sweeps among groups or
increasing or decreasing allele frequencies for specific trait.
Whereas it is possible with postgenomic era beadchips,
but markers used here are freely available because the
parentage control is performed routinely and the results
could be useful for breeders. As was demonstrated before
in the genealogical analysis, we can also observe with this
analysis that, even though the differences between the
groups are small and no subdivision is already present
because of the specialized lines, the morphological group
is slightly the most separated. Regarding the analysis using
structure the best K parameter equivalent to the number of
subpopulation was 3 (Fig. 1). However, the suggested
groups were far from that concerning breeding goals. Also
note that the highest ΔK value is lower than those found
in Evanno et al. (2005) revealing a much weaker structure
in the population. Fig. 2 presents the clustering outcomes
performed at K¼3 (average of 20 replicates). Each color
represents one cluster and the length of the colored
segment shows individual's estimated proportion of mem-
bership in that cluster. All animals seem to be a mix of the
three possible breeding goal suggesting that the possible
structure of the population is not due to the phenotypic
selection made until now. Moreover, in the morphology
is) and second order rate changes for the likelihood with respect to K using



Fig. 2. Graphical representation of the clustering outcomes suggested by the STRUCTURE analysis performed at K¼3 (average 20 replicates).
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group a light subdivision seems to be present. To confirm
that no subdivision is already present due to the specia-
lized lines, Principal Components analyses were carried
out trying to identify a sub-structure in the population
according to breeding objectives. However, no molecular
nor genealogical coancestries showed such genetic struc-
ture, but again the most differentiated was the morpholo-
gical group. The Structure results should be interpreted
with caution because of the low number of markers used
in the analysis and the high level of mixing in the animals
included in this sample. In this sense, seven of the ten
most contributing ancestors in each group are common
ancestors. Even though we were not able to confirm this
hypothesis, the K value could indicate that another sub-
division different from that studied here could be present
partially due for example to the four international lines
established in the breed (Spanish, Egyptian, Polish and
Russian; Cervantes, 2008).

Both molecular and genealogical analyses were congruent,
and both seemed to be valid when studying the genetic
structure of this population. All this despite the correlation
between genealogical and molecular coancestries was 0.60
which was only moderate.

Finally, both molecular and genealogical analyses
would lead us to conclude that differences between the
groups assessed here for breeding goals were minimum
when compared with the genetic structure within groups.
Therefore, a horse with a specific breeding objective is not
genetically much differentiated regarding the rest of the
objectives. However, the morphological group was the
most separated from the rest, both at a genealogical and
molecular level. These results were also found when
studying the three subpopulations at a morphometric level
(Cervantes et al., 2009). Regarding the possible impact of
the subdivision in the population it can be said that no loss
of genetic variability is expected in the short-term,
because the lines are connected and share some indivi-
duals, but some other reason not studied here (e.g. the
four international lines mentioned above) seems to exist
that tends to subdivide the Arabian population. But more
studies are necessary to confirm this and to identify the
cause of the subdivision. On the other hand, since the
animals are not so specialized, the creation of full lines
could improve the genetic progress proposed in the
Breeding Program.
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