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Introduction

Pottoka is a semi-feral pony breed which inhabits

the Basque Country (Western Pyrenees). It was cata-

logued by the Food and Agricultural Organization

(FAO) as an endangered breed, since in 1995, there

were only 400 females and 170 males. Moreover,

Pottoka presented a decreasing population trend.

The establishment of the Pottoka studbook in 1995

contributed to reversing this trend, with the result

that in 2009, there were around 685 animals (610

mares and 75 studs) which were classified as being

purebred (data from the Basque Federation of Breed-

ers of Pottoka Basque Ponies – EPOFE, personal

communication). According to the breed standard,

the Pottoka is a pony with a height of 1.15–1.32 m.

at the withers, with a black or dark-bay coloured

coat, a head with a sub-concave profile, small ears

and large nasal orifices, a thick and strong neck with

long mane, sub-concave back and with a thick coat

in Winter (EPOFE, http://www.pottoka.info/

index.php?id=en; Figure 1).

These animals freely reproduce within their herd,

but EPOFE certifies, within each herd, the appropri-

ateness of the males as well as the females which are

to be used for reproductive ends. Each breeder can
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Summary

Here, we present the results of a genetic analysis of 463 Pottoka ponies

corresponding to four generations, using 17 microsatellite markers. Ten

years after the beginning of the Pottoka conservation programme, the

values for the genetic diversity of the breed are still high and stable,

indicating the success of the programme. We found null alleles in Pot-

toka for the ASB23, HMS3 and HTG10 microsatellites. Together with

information obtained from other pony breeds from the Iberian Penin-

sula, this finding indicates that these microsatellites should not be used

for phylogenetic analyses or parentage tests, at least for these breeds.

The high heterozygosity exhibited by this breed in comparison to other

ponies, together with its genetic proximity to the centroid of the allele

frequencies, suggest that Pottoka allele frequencies are close to those ini-

tially exhibited by the ancestors of current European ponies. The results

obtained in the current work, together with results from previous stud-

ies of ponies and horses from the Iberian Peninsula, corroborate the idea

of a unique origin of all ponies from the European Atlantic Area. In

contrast, our results do not corroborate the idea that these are derived

from a domestication event in the Iberian Peninsula, nor that they have

incorporated ancient Iberian horse genes into their genetic pool to a lar-

ger extent than other horse breeds.
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have its own male, or EPOFE can provide its own

males to breeders who request them. On the other

hand, there is a programme to restock males for their

subsequent selection and use as reproducers. In the

first place, at 3 years of age, EPOFE morphologically

grades all the future studs and carries out a paternity

test to verify their genealogy. Those animals which

present a higher morphological rating and whose

genealogy is corroborated by the genetic paternity

tests are selected as future candidate studs. At approx-

imately 5 years of age, animals with the highest grad-

ing based on morphological evaluation are selected as

the studs offered by EPOFE to breeders who request

them. Thus, the principal differences with respect to

breeding prior to the publication of the studbook in

1995 consist of herds being formed exclusively by

purebred individuals and of the use of certified repro-

ductive males in those herds which require them.

The domestication of the horse, which began over

6000 years ago (Outram et al. 2009), seems to have

been a complex process. In present-day horses, high

matrilineal diversity has been reported (Vilà et al.

2001; Jansen et al. 2002; Cieslak et al. 2010), which

has been attributed to their multiple origins, an extre-

mely large number of female founders and ⁄ or a

large-scale introgression of local lineages into the

domestic stock (Cieslak et al. 2010). In contrast, very

low levels of Y-chromosome variability have been

found (Lindgren et al. 2004). Additionally, the

extensive mobility of the horse, favoured by its

domestic roles, is also responsible for the progressive

obscuring of the genetic structure of the species dur-

ing the migrations subsequent to its domestication

(Hill et al. 2002). Recently, a high quality draft of the

sequence of the equine genome has been published,

revealing a pattern of linkage disequilibrium which is

compatible with an early domestication of widespread

herds of females and an intimate relation among all

equine breeds worldwide (Wade et al. 2009). Regard-

ing the origin of Iberian breeds, two studies of the ori-

gin and history of mitochondrial DNA (mtDNA)

lineages (Cieslak et al. 2010; Lira et al. 2010) have

raised the possibility of the existence of an indepen-

dent domestication episode in the Iberian Peninsula,

or at least, the use of wild Iberian maternal lineages

in a process of restocking populations. In this regard,

a study employing nuclear markers (Warmuth et al.

2011) has suggested that the Iberian Peninsula as

well as the steppes of Eastern Europe may have been

refuges during the Holocene, from which were

derived the equine populations of the central and

northern Europe. It cannot be concluded from these

results that the Iberian Peninsula was an area of inde-

pendent domestication; nevertheless, in keeping with

the mtDNA results, these findings do indicate that the

genetic contribution of these wild populations to local

domestic stocks may have been considerable.

Regarding genetic studies of the Pottoka breed,

Cañón et al. (2000) showed using microsatellite

markers that this breed grouped with the other pony

breeds from the northern Iberian Peninsula,

although with a confusing population structure.

These authors suggested that this was owing to a

common origin of the analysed pony breeds which,

together with a similar morphology, would have

permitted in the past a reciprocal introgression

between these breeds. On the other hand, the results

obtained by Royo et al. (2005) upon analysing the

mtDNA of Iberian Peninsula breeds, did not manage

to differentiate Pottoka from the other pony breeds;

neither did they support the traditional classification

of native Iberian breeds into northern and southern

breeds. Finally, Solis et al. (2005) analysed the Pot-

toka breed within the context of other autochtho-

nous breeds in the western Pyrenees region (such as

the Jaca Navarra pony, and the ‘Euskal Herriko Men-

diko Zaldia’ and Burguete heavy horses). The Pottoka

breed was found to be situated at one of the ends of

the spectrum of regional genetic variability, and the

Jaca Navarra was found to be in a position between

Pottoka and the heavy horses. The within breed

genetic variability detected for Pottoka and Jaca

Navarra was found to be very similar to that found

for these same breeds by Cañón et al. (2000), being

slightly higher than that reported for other European

or American horse breeds (Solı́s et al., 2005).

In the light of the above, the objective of the cur-

rent study was double: on the one hand, and follow-

Figure 1 A typical purebred male Pottoka pony.
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ing more than 10 years of implantation of the Pottoka

conservation programme, we aimed to characterize

the current genetic status of the breed, thereby evalu-

ating the management to which it is being subjected.

On the other hand, we aimed to enhance our under-

standing of the origin of this breed, by providing new

data regarding its genetic status within the context of

other breeds of Iberian ponies in particular, and of

European ponies in general.

Materials and methods

Samples

Blood samples were taken from a total of 463 pure-

bred Pottoka ponies, from the Gipuzkoa province,

born between 1984 and 2005. Sampling of the horses

was generally carried out at 3 years of age, when

morphological and genetic grading of the individuals

is performed. Seventeen age subgroups were estab-

lished: one per year from 1990 to 2005, both inclu-

sive, with the exception of those born from 1984 to

1989, which were grouped together owing to the low

number of available individuals. The sample size of

each subgroup is indicated in Figure 2. The 376 indi-

viduals born after 1998 represent 76.9% of the 489

animals currently recorded in the Gipuzkoa studbook.

Genetic analysis

Genomic DNA was extracted from whole blood using

the DNeasy 96 Blood & Tissue kit (Qiagen, German-

town, MD, USA) and an automatic STARlet (Hamil-

ton, Bonaduz GR, Switzerland) robot. We analysed

the microsatellite markers pertaining to the ‘Stock-

Marks for Horses’ Genotyping Kit panel (Applied Bio-

systems, Life Technologies Corporation, Carlsbad, CA,

USA). These include the following markers: AHT4,

AHT5, ASB2, ASB17, ASB23, CA425, HMS1, HMS2,

HMS3, HMS6, HMS7, HTG4, HTG6, HTG7, HTG10,

LEX3 and VHL20. All microsatellites were simulta-

neously detected using ABI PRISM 3100 Avant and

3130 XL (Applied Biosystems) genetic analyzers. The

GeneScan� 3.7.1, Genotyper� 3.7 and GeneMapper

programs (Applied Biosystems) were used for the

analysis and genotyping of microsatellites. Individual

genotypes were used to certify the genealogy of all

the individuals inscribed in the Pottoka studbook.

Statistical analysis

The mean number of alleles (MNA), allelic rich-

ness (AR), observed (Ho) and expected (He) het-

erozygosity, as well as the FIS and FST parameters

were calculated with the FSTAT program (Goudet

1995). The combined non-exclusion probability of

identity (PNEID) and of the parent pair (PNEPP)

were calculated using the cervus 3.0.3 program

(Kalinowski et al. 2007). Confidence intervals were

determined by jackknifing, and statistical signifi-

cance was considered after 15 000 permutations.

Hardy–Weinberg equilibrium (HWE) was tested by

means of the Exact Test option implemented in

the genepop 4.0 software (Rousset 2008). In cases

in which it was deemed necessary, the Bonferroni

correction was introduced. In particular, the proba-

bility values p < 0.0030 and p < 0.0037 were con-

sidered significant for 17 microsatellite loci or 17

population subgroups and for 14 microsatellite loci,

respectively. Using the micro-checker v2.2.3 pro-

gram (Van Oosterhout et al. 2004), we tested the

potential presence of non-amplified alleles (null

alleles).
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Figure 2 Sample size of each age subgroup and variation in mean

number of alleles (MNA), allelic richness (AR), observed heterozygosity

(Ho) and expected heterozygosity (He) throughout the studied

generations.
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To evaluate the relative quantity of gene flow

experienced by each breed, we applied the method

proposed by Harpending & Ward (1982), based on

the standardized matrix of variance–covariance of

allele frequencies. To this end, we obtained the allele

frequencies of seven microsatellites (AHT4, AHT5,

HMS6, HMS7, HTG4, HTG6 and VHL20) from

another 14 pony breeds: Garrano (Luis et al. 2007a)

from Portugal, Jaca Navarra (Solis et al. 2005), Ast-

urcón, Cabalo Galego and Losino (Checa 2004) from

Spain, Landais and Poney Français de Selle from

France (Leroy et al. 2009), and New Forest, Welsh

(Leroy et al. 2009), Dales, Fell, Shetland, Exmoor

and Connemara (Luis et al. 2007a) from the UK and

Ireland. According to this method, a simple linear

relation can be expected between the heterozygosity

of each population (hi) and the distance of each pop-

ulation from the centroid of allele frequency (ri);

hi = H (1)ri), with H being the heterozygosity of the

totality of all the populations. Expected heterozygos-

ity (hi) and its standard deviation were calculated

from allele frequencies according to Nei (1987). Dis-

tance from the centroid was calculated as ri =

(pik)P)2 ⁄ P(1)P), where pik is the frequency of the

allele k in the breed i, and P is the frequency of the

allele k in the overall population of all breeds

together.

To measure concordance between the matrices of

geographical and genetic distances between breeds,

first order correlations were calculated. Geographic

distances were calculated considering the minimal

distance by road between the places of origin of the

breeds, while the FST genetic distances were taken

from Reynolds et al. (1983), calculated using phylip

3.5 software (Felsenstein 1989). Matrix comparisons

were performed by the Mantel method, using the ZT

program (Bonnet & Van de Peer 2002), obtaining

significant values after 1 000 000 iterations.

Results

The MNA values of the 17 microsatellites varied

from 4.18 for HTG7 to 11.82 for ASB17 (Table 1).

All microsatellites presented high heterozygosity.

Minimal values of observed and expected heterozy-

gosity were observed for the HMS1 microsatellite,

whereas highest values were associated with ASB17.

All microsatellites were in HWE, with the exception

of ASB23, HMS3 and HTG10, which present an

excess of homozygotes and a positive and significant

FIS after Bonferroni correction (Table 1). Analysis of

these three microsatellites with the micro-checker

program revealed null alleles for all of them. More-

over, the paternity tests carried out for the male

restocking programme corroborated the presence of

null alleles: in the 165 cases in which biological

compatibility (with 0 or 1 incompatibilities) was

determined, we detected 26 cases in which the

offspring was apparently homozygous, with one of

the progenitors apparently being homozygous for

another allele. All the single incompatibilities pre-

sented by the said progenitors corresponded to one

of the three microsatellites (ASB23, 14 cases; HMS3,

nine cases; and HTG10, three cases). These cases are

indicative of the existence of null alleles, with the

offspring and incompatible progenitor being hetero-

zygous for the null allele. Consequently, these three

microsatellites were not considered in subsequent

analyses. For the 14 remaining microsatellites, we

obtained a PNEID value of 1.75E)16 and a PNEPP

value of 4.51E)10.

The temporal evolution of MNA, AR, Ho, He and

FIS for the 14 selected microsatellites is represented

in Figure 2. Because samples with more than 40

individuals are available only since 1998, data from

previous years should be interpreted with caution.

The homogeneity of values throughout the analysed

years is particularly evident. Values are always very

close to the mean (mean MNA1998–2005 = 8.20 �
0.28; mean AR1998–2005 = 7.86 � 0.21; mean Ho 1998–

2005 = 0.760 � 0.016; mean He 1998–2005 =

0.767 � 0.007; mean FIS 1998–2005 = 0.009 � 0.019,

N.S.). The FST between the 17 age groups was not

found to be significant (FST = 0.002 � 0.001, N.S.).

According to these microsatellite analyses, the values

of genetic diversity for the Pottoka breed are situated

at the higher end of the range observed for horse

breeds (Cañón et al. 2000; Solis et al. 2005; Luis et al.

2007a; Leroy et al. 2009).

With a view to genetically comparing the Pottoka

breed with other horse breeds, we took into account

only those individuals born between 2003 and 2005

(N = 153) to eliminate effects owing to generational

overlapping, because females usually begin to repro-

duce from 3 years of age onwards. We analysed the

relative amount of gene flow experienced by each

breed, and found that the Exmoor, Dales, Shetland

and Asturcón breeds were significantly below the

expected heterozygosity line, i.e. their heterozygosity

is less than that expected for the degree of differenti-

ation which they present with respect to the cen-

troid of the allele frequencies. The opposite occurs in

the case of the New Forest, Garrano and Poney

Français de Selle breeds, which were significantly

above the line (Figure 3). Of all the breeds situated

on the prediction line, Pottoka presents the lowest ri

Genetic diversity and origin of Pottoka pony F. Rendo et al.
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value, while Dales and especially Exmoor exhibit the

highest ri values, i.e. a very large degree of differen-

tiation with respect to the rest of the breeds. A sig-

nificant correlation (r = 0.321; p = 0.009) was found

upon comparing genetic and geographical distances

(two by two) for all the pony breeds studied in this

work, excluding those two breeds which presented

highest genetic differentiation (Exmoor and Dales).

This correlation was still significant when only

Exmoor was excluded (r = 0.245; p = 0.018).

Discussion

Results obtained using 17 microsatellites, both for FIS

and for the analysis of genotypes, are indicative of

the presence of null alleles in the ASB23, HMS3 and

HTG10 microsatellites. The paternity tests which we

carried out corroborate this finding, because in 26

cases, we observed the appearance of a single exclu-

sion for one of the three microsatellites, with the

foal and presumed progenitor being homozygous for

different alleles. These cases are indicative of the

existence of null alleles, with the offspring and pro-

genitor who exhibits the incompatibility being het-

erozygous for the null allele. The existence of null

alleles may also explain the fact that the HMS3 mi-

crosatellite is the only one to present a positive and

highly significant FIS value in the Asturcón breed

(Checa et al. 1998), as well as in five breeds from the

Cantabria region and two breeds from the Balearic

Islands (Cañón et al. 2000). This may of course also

be the case for other breeds, in addition to ponies in

the Iberian Peninsula. This is indeed the case of the

Lipizzan horse in which the presence of null alleles

in microsatellites HMS3 and ASB2 was reported,

owing to base substitutions in the sequences which

flank the microsatellites, which are targets for the

primers necessary for amplification (Achmann et al.

2001). The excess in homozygotes detected in two

Table 1 Mean number of alleles (MNA), observed heterozygosity (Ho), expected heterozygosity (He), allelic richness (AR), Fisher exact test for

Hardy–Weinberg equilibrium HWE and FIS values and their significance for analysed populations

Microsatellite MNA Ho He AR HWE FIS � SE

AHT4 7.00 0.779 0.802 6.55 N.S. 0.018 � 0.017

AHT5 6.94 0.807 0.817 6.38 N.S. 0.018 � 0.026

ASB2 7.94 0.802 0.801 7.37 N.S. 0.003 � 0.025

ASB17 11.82 0.900 0.898 10.6 N.S. 0.011 � 0.011

ASB23 7.00 0.662 0.842 6.60 * 0.246 � 0.029*

CA425 6.53 0.719 0.764 6.14 N.S. 0.039 � 0.019

HMS1 4.94 0.595 0.595 4.69 N.S. )0.040 � 0.040

HMS2 6.35 0.841 0.810 6.14 N.S. )0.022 � 0.023

HMS3 6.82 0.696 0.801 6.53 * 0.167 � 0.037*

HMS6 5.94 0.743 0.781 5.67 N.S. 0.061 � 0.028

HMS7 5.71 0.747 0.731 5.35 N.S. 0.006 � 0.029

HTG4 5.82 0.702 0.709 5.40 N.S. 0.001 � 0.029

HTG6 6.06 0.670 0.662 5.45 N.S. )0.004 � 0.038

HTG7 4.18 0.676 0.665 3.87 N.S. )0.007 � 0.024

HTG10 7.88 0.721 0.811 7.36 * 0.184 � 0.027*

LEX3 7.82 0.803 0.836 7.58 N.S. 0.052 � 0.026

VHL20 8.24 0.845 0.859 7.58 N.S. 0.003 � 0.023

*Significant after Bonferroni correction.
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Figure 3 The figure represents heterozygosity (hi) of the pony breeds

with respect to distance from the centroid of the allele frequencies (ri)

(Harpending & Ward 1982). The diagonal line corresponds to hi = H

(1)ri), where H is the Nei heterozygosity (1987) for the total popula-

tion. Analysed breeds are: Asturcón (AST), Cabalo Galego (CG), Conne-

mara (CO), Dales Pony (DL), Exmoor (EX), Fell Pony (FL), Garrano (GR),

Jaca Navarra (JA), Landais (LA), Losino (LOS), New Forest (NF), Poney

Français de Selle (PFS), Pottoka (POT), Shetland Pony (SP) and Welsh

Pony (WP).
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horse breeds in Poland, for HTG10 (Ząbek et al.

2005), may also reflect the presence of silent alleles.

Thus, the presence of null alleles would not only be

related to particular microsatellites, but also to the

analysed horse population, in such a manner that

each breed could present null alleles in zero, one or

various microsatellites. This result is of particular

importance when comparing breeds with a view to

determining the phylogenetic relationships among

them, because the presence of null alleles in some of

the breeds could generate misleading information

regarding allele frequencies. The findings are also

relevant for genealogical controls, because false

exclusions can be avoided in the light of the effect of

silent alleles on genotypes. In this study, once we

detected the presence of null alleles for ASB23,

HMS3 and HTG10 in Pottoka, these microsatellites

were excluded from subsequent analyses.

One of the objectives of the current work was to

genetically evaluate the impact on the Pottoka breed

of specific breeding management practices, which

have been in operation via a conservation pro-

gramme since 1995. This breed is distributed among

the Basque provinces of Gipuzkoa, Araba and Biz-

kaia. Although we have only analysed animals from

the province of Gipuzkoa in the current study, it is

reasonable to extrapolate the results to the entire

breed for several reasons. First, all Pottoka animals

are registered in the same studbook and are

managed uniformly by the same organization (EP-

OFE). Second, of all the 685 purebred animals which

have been censored, 489 (71.4%) are in the Gip-

uzkoa province; the practical totality of all these ani-

mals in Gipuzkoa have been analysed in the current

study. And third, Solis et al. (2005) did not detect

genetic differences between the Pottoka purebred

populations from Gipuzkoa and Bizkaia provinces.

Results obtained with individuals who were born

before 1995 should be interpreted with caution, as

such cases were not very numerous. Results

obtained with animals born since 1995 indicate that

MNA, AR, He and Ho values remain around the

mean (Figure 2). The slight increase in the MNA

value after the first 4 years of existence of the Pot-

toka studbook (1995–1998) is likely owing to the

increase in sampling size, as the MNA value is

directly influenced by the number of sampled

individuals. Mean values of observed and expected

heterozygosity were not substantially different

(Figure 2), which is consistent with the low FIS

values obtained (FIS 1998–2005 = 0.009 � 0.019; N.S.;

FIS 1984–2005 = 0.013 � 0.039; N.S.). These results

indicate the absence of both appreciable consanguin-

ity and within population structuring in the Pottoka

breed from the Gipuzkoa province. Moreover, when

serum proteins were analysed, an excess of homo-

zygotes was not detected in the Bizkaia province

(Arruga et al. 2001). Overall, these results indicate

that the management to which the Pottoka breed

has been subjected is correct. Thus, the qualification

of offspring at 3 years of age, paternity tests, the

maintenance of herds formed exclusively by pure-

bred individuals, together with the programme of

restocking of reproductive males for use in directed

mating, generation after generation, have avoided

the loss of genetic diversity which could have

endangered the future of the breed. In this regard, it

is noteworthy that the process of enhancement of

the Pottoka breed includes the elimination of indi-

viduals with a chestnut coat, as these are not

included in the Pottoka studbook. This exclusion of

chestnut individuals from reproduction since 1995

does not seem to have affected any of the calculated

parameters of diversity. A recent study (Rendo et al.

2009) has suggested that even the exclusion from

reproduction of individuals who are carriers of the

recessive alleles responsible for a chestnut coat col-

our, would not affect the expected heterozygosity of

this breed.

Regarding phylogenetic relations between horse

breeds, a number of factors hinder an unequivocal

determination of the origin and parentage of the dis-

tinct horse breeds. These include the relatively

recent origin of the domestic horse (Outram et al.

2009), considerable genetic contributions of wild

horses to domestic horses (Cieslak et al. 2010; War-

muth et al. 2011), mixing of different breeds, and

processes of genetic drift (Solı́s 2005). Thus, some

breeds have been created from very few individuals,

such as the English Thoroughbred or the Arabian

breed. Others have experienced important ‘bottle-

neck’ and founder effects, such as those which

occurred in risk breeds, recovered from very few

individuals. This is the case of the Retuertas (Vega-

Pla et al. 2006), Sorraia (Luis et al. 2007b) or Prze-

walski horses (Boyd & Houpt 1994). Ponies, in con-

trast, are breeds which have not been subject to

intense selection, but it appears that they may have

suffered the consequences of ‘bottleneck’ effects

owing to the reduction of their effective population

sizes. This reduction would have been owing to fac-

tors such as the loss of their habitats since the XVIII

century, the mechanization of agriculture and the

declining of shepherding during the XX century (So-

lis et al. 2005). Ponies may also have been crossed

with other horse breeds with the objective of

Genetic diversity and origin of Pottoka pony F. Rendo et al.
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increasing their size and of conferring on them a

higher economic value. Nevertheless, if this mix had

been substantial, they would of course no longer be

ponies. This is the case of the Euskal Herriko Mendiko

Zaldia and Burguete breeds, which can be assumed

to have arisen originally from Pottoka and Jaca Na-

varra breeds respectively, following a crossbreed

with males of heavy French breeds, such as Bretón,

Percherón, Ardennais and Comtois (Solı́s 2005). For

these reasons, the joint genetic analysis of a large

number of breeds with different population histories,

has resulted, in many cases, in the absence of dis-

tinctive genetic patterns which could explain parent-

age among them (Cañón et al. 2000; Vilà et al. 2001;

Jansen et al. 2002; Outram et al. 2009). A similar sit-

uation was encountered when the phylogenetic rela-

tions between bovine breeds with different degrees

of artificial selection were analysed (Rendo et al.

2004). For all these reasons, in this work in which

we aimed at deepening our knowledge of the origin

of the Pottoka breed, we included in our analyses

only European pony breeds, with a view to facilitat-

ing the detection of the underlying genetic structure.

The elevated expected heterozygosity values

obtained for the Pottoka breed, and the generalized

presence of elevated values in the pony breeds from

the Euro-Atlantic Area (northern Iberian Peninsula,

France and the British Isles), is close to what would

be expected for breeds which have been subjected

to less selection and which are thus closer to wild

ancestry (Lira et al. 2010; Warmuth et al. 2011).

Regarding the analysis of the relative quantity of

gene flow experienced by each breed (Harpending

& Ward 1982), four breeds (Asturcón, Shetland,

Dales and Exmoor) are located below the line of

theoretical prediction in Figure 3. The heterozygosi-

ties of these populations are significantly lower than

those expected in terms of the degree of differentia-

tion which they present, relative to the centroid of

allele frequencies. This fact would indicate that

these breeds have experienced substantial genetic

isolation, with considerable genetic drift and ⁄ or

‘bottleneck’ effects. In fact, the Exmoor breed had

been restricted to 46 mares in 1940 (Jansen et al.

2002), while the size of the Asturcón population

was dramatically reduced after the Spanish Civil

War; this breed had to be recovered towards 1970

from only 21 reproductive black coat animals (Royo

et al. 2007). The Dales breed was also on the verge

of extinction, as it had been frequently used in the

two world wars and its recuperation began around

1964 (Dales Pony Society, http://www.dalespo-

ny.org). The Shetland breed could have been

affected by a founder effect, genetic drift and ⁄ or a

‘bottleneck’ effect; these situations are observed in

geographically isolated populations, such as those

which are found on islands (Plante et al. 2007). In

contrast, the Poney Français de Selle, Garrano and

New Forest breeds present a heterozygosity which is

significantly higher than expected, indicating that

gene flow from other breeds not included in the

current work has been considerable throughout its

history (Harpending & Ward 1982). In this regard,

the Poney Français de Selle breed arose from

French pony females crossed with Arabian Thor-

oughbred, English Thoroughbred, Connemara, New

Forest and Welsh studs (Association Nationale du

Poney Français de Selle et du Poney de Sport –

A.N.P.F.S.; http://www.anpfs.com/). There is evi-

dence that a number of New Forest breeders tried

to improve the aptitude of this breed by introducing

Welsh, English Thoroughbred, Arabian Thorough-

bred and Hackney breeds (The New Forest Pony

Breeding & Cattle Society; http://www.newforestpony.

com/). Regarding the Garrano breed, Portas et al.

(2001) indicate that since 1940, the population has

been reduced, and at the same time modified, by

the introduction of exotic breeds to improve its size

for meat consumption. The remaining breeds are

situated near the line of theoretical prediction and

it is noteworthy that of all these remaining breeds,

Pottoka presents the lowest value of difference from

the centroid.

These results taken together are compatible with

the idea that all the analysed pony breeds have a

common origin and that migration from other breeds

does not seem to have exerted any appreciable effect

on them. Thus, genetic drift would have been the

principal evolutionary mechanism in the moulding

of the allele frequencies which we currently observe

in these breeds. This being the case, the Pottoka

breed would be the least affected by genetic drift, i.e.

it would be the breed which maintained the largest

effective population size throughout its history. If

the effect of genetic drift is analysed in a sufficiently

large number of populations, no change in the mean

of allele frequencies is expected. Thus, Pottoka allele

frequencies would be most similar to those exhibited

by the original pony population, before divergence

into the present breeds occurred. The existence of a

significant correlation between genetic and geo-

graphical distances is consistent with a single origin

of all the analysed pony breeds, as has been sug-

gested by authors such as Cañón et al. (2000) and

Leroy et al. (2009). Moreover, this correlation sug-

gests that isolation by geographical distance is the

F. Rendo et al. Genetic diversity and origin of Pottoka pony
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principal mechanism which has moulded the allele

frequencies of Euro-Atlantic Area pony breeds.

In general, in the trees constructed from genetic

distances, ponies are situated in a central position

with respect to other breeds of domestic horses who

have been subjected to more intense selection (Leroy

et al. 2009). These results, together with the distribu-

tion of mtDNA haplotypes (Vilà et al. 2001; Royo

et al. 2005) indicate that ponies have not arisen from

a distinctive domestication process, in contrast to

other horse breeds. These same studies suggest that

during the expansion of the domestic horse and the

incorporation of local mares en route (Jansen et al.

2002), ponies did not experience a significantly lar-

ger wild contribution than other breeds, because if

this were the case, ponies would have to present a

considerable degree of differentiation from the other

breeds; this is clearly not the case.

Regarding breeds from the Iberian Peninsula, Lira

et al. (2010) and Cieslak et al. (2010) proposed that

wild local mares were used during the initial pro-

cesses of domestication in this area, or at least, they

were used for processes of population restocking.

This conclusion was arrived at principally on the

basis of the identification of group C haplotypes

(typical of the Lusitano horse) in Bronze Age sam-

ples from the Atapuerca archaeological site (north-

ern Iberian Peninsula). These are a group of

haplotypes which to date have only been found in

the Iberian Peninsula. In addition, Warmuth et al.

(2011), investigating patterns of genetic diversity in

24 European horse breeds by means of 12 microsat-

ellite loci, showed that this genetic contribution of

Iberian wild stock to local domestic horses might

have been substantial. However, the C haplogroup

(following the nomenclature used in Vilà et al. 2001

and Jansen et al. 2002) was not detected in local

horses in the Basque Country and Navarra (Solı́s

2005). Thus, it seems that the process of an exten-

sive use of local Iberian wild horses in establishing

and ⁄ or restocking local domestic populations may

not be applicable to the Pottoka breed, despite the

fact that in the region which this horse currently

inhabits, the horse would probably have been pres-

ent in an uninterrupted manner for over a

100 000 years (Altuna & Mariezkurrena 2009). The

absence of the Lusitano group C haplotypes in Pot-

toka (Royo et al. 2005; Solı́s 2005), together with the

results of the current study, which indicate that this

breed had a genetic contribution which was similar

to that of the other pony breeds, suggest that the

Palaeolithic horses of the region did not contribute

to a significant extent to the Pottoka genetic pool.

Thus, our results point more to a unique origin of all

the ponies of the Euro-Atlantic Area; they suggest

that these did not arise from a domestication event

in the Iberian Peninsula, and that they have not

incorporated ancient Iberian horse genetic material

into their genetic pool to a larger extent than other

horse breeds. On the other hand, the detection in

the only sample from the Middle Ages, from the

Atapuerca site, of a haplotype which was absent in

the Bronze Age sample (Lira et al. 2010), leads these

authors to propose the entrance of horses into the

Iberian Peninsula in historical times. In this context,

the origin of ponies from the Northern Iberian Pen-

insula, including Pottoka, could be the result of the

introduction of domestic horses into the Iberian Pen-

insula, at some stage between the Bronze Age and

the Middle Ages.
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Royo L.J., Álvarez I., Gutierrez J.P., Fernández I., Goy-

ache F. (2007) Genetic variability in the endangered

Asturcón pony assessed using genealogical and molecu-

lar information. Livest. Sci. 107, 162–169.

Solı́s A. (2005). Markari molekularren bidezko Euskal

Autonomi Erkidegoko eta Nafarroako bertako lau

zaldi-arrazen karakterizazio genetikoa. PhD Thesis.

Universidad del Paı́s Vasco ⁄ Euskal Herriko Unibertsita-

tea, Bilbao, Spain. (In Basque).

Solis A., Jugo B.M., Mériaux J.C., Iriondo M., Mazón

L.I., Aguirre A.I., Vicario A., Estonba A. (2005) Genetic

diversity within and among four south European

native horse breeds based on microsatellite DNA analy-

sis: implications for conservation. J. Hered. 96, 670–

678.

F. Rendo et al. Genetic diversity and origin of Pottoka pony

ª 2011 Blackwell Verlag GmbH • J. Anim. Breed. Genet. (2011) 1–10 9



Van Oosterhout C., Hutchinson B., Wills D., Shipley P.

(2004) MICRO-CHECKER: software for identifying and

correcting genotyping errors in microsatellite data. Mol.

Ecol. Notes 4, 535–538.

Vega-Pla J.L., Calderón J., Rodrı́guez-Gallardo P.P.,

Martı́nez A.M., Rico C. (2006) Saving feral horse popu-

lations: does it really matter? A case study of wild
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