
Arch. Anim. Breed., 58, 23–31, 2015

www.arch-anim-breed.net/58/23/2015/

doi:10.5194/aab-58-23-2015

© Author(s) 2015. CC Attribution 3.0 License.

Open Access

Archives Animal Breeding

Genetic diversity in Hucul and Polish

primitive horse breeds

M. Mackowski1, S. Mucha2,*, G. Cholewinski3, and J. Cieslak1

1Department of Horse Breeding, Poznan University of Life Sciences, Wolynska 33, 60-637 Poznan, Poland
2Department of Genetics and Animal Breeding, Poznan University of Life Sciences, Wolynska 33,

60-637 Poznan, Poland
3Horse Genetic Markers Laboratory, Poznan University of Life Sciences, Wolynska 33, 60-637 Poznan, Poland

*currently at: Scotland’s Rural College Animal & Veterinary Sciences, Easter Bush, Midlothian EH25 9RG,

Scotland, UK

Correspondence to: J. Cieslak (jcieslak@up.poznan.pl)

Received: 26 June 2014 – Accepted: 14 November 2014 – Published: 4 March 2015

Abstract. Pedigree and molecular data were used to evaluate genetic diversity in the Polish populations of the

Polish primitive horse (also known as Polish Konik) and Hucul breeds over the time period of 30 years (1980–

2011). Based on genotypes in 12 microsatellite loci (for 3865 Polish primitive horses and 1627 Huculs), as well

as on pedigree data derived from over 7000 individuals (both breeds), several indices describing structure of the

analysed populations were estimated. For both analysed breeds, we observed an increasing trend of inbreeding

since 1980 which seems to be much more stable (oscillating around 10 % in the Polish primitive horse and

5 % in Hucul) since the beginning of 2000s when they were included in conservation programs in Poland. We

observed that generally, indices related to genetic diversity are higher in the Hucul breed. Our study indicated that

genetic diversity in the Polish primitive horse and Hucul breeds in Poland is still relatively high and conservation

programs should be continued to keep it on the “safe” level in the future.

1 Introduction

Preservation of endangered species is one of the most im-

portant goals for the present biological sciences, especially

in the context of natural ecosystems stability. In the case of

domestic animals, conservation programs are usually initi-

ated for breeds which present a unique genetic and pheno-

typic value. It is well known that the traditional animal breed-

ing programs are mainly based on strong selection to im-

prove important phenotypic traits. Naturally, the side effect

of such an approach is depletion of the gene pool represented

by a given species/breed. Thus, conservation programs are

needed to preserve breeds in which a significant part of given

species’ genetic diversity is still present (http://dad.fao.org).

In horses, extinction of many breeds seems to be partly re-

lated to the expansion of saddle utility and the decreasing

interest in working horses. It is also worth noting that due to

the common crossbreeding of horses the separation of differ-

ent genetic and phenotypic breed patterns is often difficult or

even impossible (Wade et al., 2009).

In Poland, there are six different horse breeds managed

with conservation programs: Polish primitive horse (Pol-

ish Konik), Hucul, Silesian, Wielkopolska, Malopolska and

Polish Heavy horse (Sztumski and Sokolski types). Among

them, only two can be considered as pure breeds (Polish

primitive horse and Hucul) because their studbooks have

been closed since the 1980s and currently no outside blood

is accepted. Thus, in these two breeds monitoring of genetic

diversity seems to be particularly important to avoid the po-

tential negative effects of inbreeding.

Both breeds included in this study are primitive type

horses which putatively maintained many features of the wild

Tarpan (Equus caballus gmelini) which had lived in Europe

and Asia until the end of 18th century. The Polish primitive

horse breed is based on primitive horses from eastern Poland,

which probably inherited a significant part of their wild an-
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cestor’s traits. The start of organized Polish primitive horse

breeding dates back to the beginning of the 1920s, whereas

the first official studbook of this breed was published in 1962.

The characteristic feature of the Polish primitive horse breed

is its perfect adaptation to natural environment, resulting in

low food requirements, good health and high rates of repro-

ductive parameters (Slivinska et al., 2009). The Hucul horse,

also known as the Carpathian pony, is an old breed that orig-

inates from the region of the Carpathian Mountains (Austro-

Hungarian Empire). The first written material about the Hu-

cul breed comes from the beginning of the 17th century. Until

World War I, the most important breeding centre of the Hu-

cul horse was Romania, with the oldest stud located in Lu-

cina. After the war, the population of Romanian Hucul horses

was divided and partly moved to Poland and Czechoslovakia

(Kusza et al., 2013). Currently, the Polish population of Hu-

cul horses (consisting of over 1500 individuals) is consid-

ered as one of the most important for the effective conserva-

tion of this endangered breed. The features that distinguish

Hucul horses from other breeds are predominantly strength,

longevity, good health and easiness in adaptation to difficult

environmental conditions. Since 2000, Hucul horses (as well

as Polish primitive horses) in Poland are managed by conser-

vation programs (http://www.bioroznorodnosc.izoo.krakow.

pl/konie/programy-ochrony), which are supervised by the

National Research Institute of Animal Production (Balice,

Poland). The main goal for conservation programs of both

breeds is to keep genetic diversity on a safe level and to sta-

bilize their genetic and phenotypic patterns.

The aim of this study was to estimate genetic diver-

sity of the Polish populations of the two endangered horse

breeds (Polish primitive horse and Hucul) using pedigree and

molecular data.

2 Material and methods

2.1 Animals

Pedigree analysis was conducted for all Hucul and Polish

primitive horses recorded in the studbooks between 1980 and

2011. Pedigree data, received from the Polish Horse Breed-

ers Association, was screened for errors and inconsisten-

cies. Doubtful records were removed from the analysis. Ad-

ditionally, genetic diversity assessment in both breeds was

performed using 12 microsatellite markers (AHT4, AHT5,

ASB2, HMS2, HMS3, HMS6, HMS7, HTG4, HTG6, HTG7,

HTG1 and VHL20). All of the genotypes were derived from

the Horse Genetic Markers Laboratory’s database (Poznan

University of Life Sciences, Poland), from the routine parent-

age control. Microsatellite markers were genotyped with-

out the use of commercial kits, according to the procedure

described previously by Iwańczyk et al. (2006). A detailed

structure of the animal groups used in the present study is

shown in Table 1.

Table 1. Animal groups.

Breed N N

(pedigree data) (molecular data)

Polish primitive horse 3461 3865

Hucul 3947 1627

2.2 Pedigree analysis

Genealogical analysis was initially performed for the whole

population of the Polish primitive horse and Huculs breed

in Poland. Subsequently, in order to characterise the present

genetic diversity of the breeds, a reference population was

created for each breed containing individuals born between

2002 and 2011. Pedigree completeness in the analysed

breeds was assessed with complete generations equivalent.

The number of equivalent generations traced was computed

as the sum over all known ancestors of the terms (1/2)t ,

where t is the ancestor’s generation number, which is equal

to one for the parents, two for the grandparents, etc. (Maignel

et al., 1996). Inbreeding coefficients were extracted from the

additive relationship matrix according to algorithm described

by Sargolzaei et al. (2005) using the software package CFC

(Sargolzaei et al., 2006). The inbreeding rate was estimated

for four year periods to smoothen trends and filter out tem-

porary distortions:

1−Ft+x

1−Ft
= (1−1F)x, (1)

where Ft is the inbreeding level in year t and Ft+x the in-

breeding level x years later (Falconer and MacKay, 1996).

This leads to the following formula:

1Ft = 1−

(
1−Ft+2

1−Ft−2

)1/4

, (2)

so that 1Ft is the inbreeding rate in the middle year of a 4-

year period with Ft+2 the average inbreeding coefficient of

animals born two years after year t and Ft−2, two years be-

fore year t . The founder genome equivalent (Nge) was com-

puted according to Caballero and Toro (2000) as

Nge =
1

2f t
, (3)

where ft is the average coancestry for the group considered.

Effective population size (“realized”Ne) based on individ-

ual increase in inbreeding (1Fi)was calculated following the

approach proposed by Gutiérrez et al. (2009). The 1Fi coef-

ficients were computed as 1Fi = 1− t−1
√

1−Fi where Fi is

the individual coefficient of inbreeding and t is the equiv-

alent complete generations (Maignel et al., 1996). The ef-

fective population size (Ne) was obtained from 1F , which

was computed by averaging the 1Fis of the n individuals
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included in a given subpopulation as

Ne =
1

21F
. (4)

Wright’s F statistics (Fis and Fst) were computed following

Caballero and Toro (2000, 2002) as

Fis =
F̃ − f

1− f
, Fst =

f − f̃

1− f̃
, (5)

where f is the average coancestry for the subpopulation, f̃

and F̃ are the mean coancestry and the inbreeding coefficient

for the entire metapopulation, respectively.

Effective number of founders (Lacy, 1989) was calculated

as

fe = 1
/ f∑
k=1

g2
k , (6)

where qk is the probability that a randomly sampled gene in

the population originates from founder k, and f is the num-

ber of observed founders in the pedigree (Boichard et al.,

1997; Lacy, 1989).

Additionally, effective number of ancestors (Boichard et

al., 1997), which accounts for possible bottlenecks, was cal-

culated as

fa = 1
/ a∑
j=1

q2
j , (7)

where qj is the marginal contribution of an ancestor j , which

is the genetic contribution made by an ancestor that is not

explained by other ancestors chosen before. To determine

whether any of the investigated horse populations suffered

from a bottleneck, the ratio of effective number of founders

and effective number of ancestors (fa/fe) was calculated.

The amount of genetic diversity (GD) in the population

taking into account the loss of diversity due to genetic drift

and unequal founder contribution was calculated according

to Lacy (1995):

GD= 1−
1

2Nge

. (8)

When expressed as 1-GD, it measures the genetic diversity

lost because of bottlenecks and genetic drift. The amount

of genetic diversity in the reference population considered

for the loss of diversity due to unequal founder contribution

(GD*) was calculated as (Lacy, 1995)

GD∗ = 1−
1

2fe

. (9)

The difference between GD* and GD quantifies the loss of

diversity by genetic drift accumulated over nonfounder gen-

erations (Caballero and Toro, 2000).

2.3 Marker data analysis

Allele frequencies were estimated by direct allele counting.

Allelic richness per locus and population was calculated ac-

cording to Petit et al. (1998) as

r̂(g)=
∑
i

[
1−

(
N −Ni
g

)/( N

g

)]
, (10)

where Ni is the number of occurrences of the ith allele

among the N sampled genes, and g is the sample size.

Homozygosity by loci was calculated using an R package

Rhh (Alho et al., 2010) according to the method proposed by

Aparicio et al. (2006):

HL=

∑
Eh∑

Eh+
∑
Ej

, (11)

whereEh andEj are the expected heterozygosities of the loci

that an individual bears in homozygosis (h) and in heterozy-

gosis (j), respectively. This index varies between 0 when all

loci are heterozygous and 1 when all loci are homozygous.

It can be considered as an indirect estimator of inbreeding

based on marker information (Aparicio et al., 2006).

Heterozygosity for each microsatellite marker was calcu-

lated using a standard formula and then observed and ex-

pected heterozygosyties were compared with the application

of χ -squared test (with Yates’ continuity correction). Popula-

tion structure was also assessed with Wright’s fixation index

(Weir and Cockerham, 1984). Presence of a recent bottleneck

was evaluated with software package Bottleneck (Cornuet

and Luikart, 1996). Wilcoxon signed-rank test was used to

compare the observed gene diversity with the expected equi-

librium gene diversity calculated based on the observed num-

bers of alleles under the assumption of a constant population

size (Luikart and Cornuet, 1998). The two-phased model of

mutation (TPM) and infinite allele model (IAM) were used

for the bottleneck testing.

3 Results and discussion

Monitoring of genetic diversity is important especially for

the management of small, endangered livestock breeds

(Hasler et al., 2011). Among horse breeds remaining in con-

servation programs in Poland, two (Polish primitive horse

and Hucul) should be monitored particularly carefully be-

cause their studbooks are closed and the risk of increased in-

breeding is relatively high. To date, there have been a limited

number of reports focused on genetic diversity of the Polish

population of Polish primitive horses and Huculs, especially

taking into account both pedigree and molecular data.

The number of horses registered each year increased from

1980 to 2006, when it reached 240 and 173 for Hucul and

Polish primitive horse, respectively (Fig. 1). The observed

decline in the trend after 2006 is related to the fact that reg-

istration of horses for breeding usually takes place between
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26 M. Mackowski et al.: Genetic diversity in Hucul and Polish primitive horse breeds

Figure 1. Number of Polish primitive horse and Hucul individuals

registered between 1980 and 2011 in Poland.

Figure 2. Number of sires used for breeding in the population of

Polish primitive horse and Hucul breeds between 1980 and 2011 in

Poland.

3–4 years after birth and thus, not all animals born between

2008–2011 were recorded in studbooks at the time when the

current study was performed. Increased interest in the Hu-

cul and Polish primitive horse breeding has been observed

especially, since the beginning of 2000 when both breeds

were included in conservation programs in Poland. The total

number of sires used for breeding was very similar in both

breeds with 465 and 466 sires in the Hucul and Polish prim-

itive horses, respectively. However between 1980 and 1999,

many fewer sires were used for breeding in the Hucul breed

(Fig. 2). In more recent years, there were more sires of the

Hucul breed than the Polish primitive horse (2000–2009).

Pedigree completeness in the Polish primitive horses was

between 4.6 and 7.6 complete generations and was higher

in comparison with the Hucul horses where it ranged from

3.8 to 7.0 in the analysed period of time (Fig. 3). It is worth

noting that the Hucul breed had some declines of pedigree

completeness between the years 1980 and 1995, which pu-

tatively correlates with the extensive import of foreign indi-

viduals in the several years of the investigated time period.

Polish primitive horse also had the highest mean inbreed-

ing in the analysed time period. It increased from 4.8 % in

Figure 3. Pedigree completeness of Polish primitive horse and Hu-

cul individuals registered between 1980 and 2011 in Poland.

Figure 4. Average coefficient of inbreeding calculated for Polish

primitive horse and Hucul individuals registered between 1980 and

2011 in Poland.

1980 to 8.6 % in 2011. A similar but lower trend was also

observed for the Hucul horses, where inbreeding increased

from 1.0 % in 1980 to 8.0 % in 2011 (Fig. 4). Significant re-

gression coefficients (p < 0.01) of individual inbreeding by

birth year were found in both breeds equal 0.10, and 0.15 for

the Hucul, and Polish primitive horses. This indicates that the

rate of increase of inbreeding was higher in the Polish primi-

tive horse. Mean inbreeding (for the whole analyzed time pe-

riod) for the Polish primitive horse was significantly higher

(p < 0.01) than for Hucul horses (7.7 % vs. 4.2 %, respec-

tively). This difference was also indicated by microsatellite

data. Mean Fis (Wright’s fixation index) for all genotyped

microsatellite markers was 0.020 and 0.013 in the case of

Polish primitive horse and Hucul, respectively. However the

difference was not statistically significant. Fst between Polish

primitive horse and Hucul was 0.083 which indicates that ge-

netic differentiation among the two populations is relatively

low. It could be related with the fact that both breeds belong

to the same group of primitive horses, and putatively inher-

ited a significant part of their wild ancestor’s (Tarpan) traits.

Inbreeding estimated for Polish primitive horse was about

2 % higher than in the study of Wolc and Balińska (2010),

Arch. Anim. Breed., 58, 23–31, 2015 www.arch-anim-breed.net/58/23/2015/
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Figure 5. Genetic diversity loss for Polish primitive horse and Hu-

cul individuals registered between 1980 and 2011 in Poland.

although our investigation has included a much larger num-

ber of animals (n= 3461 vs. n= 477). Mean inbreeding ob-

tained for both breeds was higher when compared with the

Polish Warmblood (1.69 %) by Borowska et al. (2011) but it

should be noticed that the studbook of this breed is open and

horses of many warmblood breeds are recorded every year.

Comparison of our results with the latest study by Kusza et

al. (2013) regarding genetic diversity in the Hucul breed, re-

vealed a higher mean value of Fis in the present investigation

(0.013 vs.−0.128). This difference might have resulted from

the fact that the population of Hucul horses in the study of

Kusza et al. (2013) consisted of individuals from three dif-

ferent European countries (Hungary, Austria and Slovakia),

whereas we have used only animals recorded in Polish stud-

books. Based on the comparison of our results with inbreed-

ing estimated for other horse breeds in the world, it can be

stated that genetic diversity of both breeds in Poland is rather

moderate. For example, mean inbreeding estimated for the

Spanish Arab Horse was 7 % (Cervantes et al., 2008), which

corresponds to our result for Polish primitive horse, whereas

inbreeding reported for Greek Skyros and Lipizzan horses

(Avdi and Banos, 2008; Curik et al., 2003) was higher (11

and 10.3 %, respectively) than observed in our study for Pol-

ish primitive horse and Hucul breeds. Interestingly, recent

study by Pinheiro et al. (2013) regarding genetic diversity

of the Sorraia breed (which can be considered as an Iberian

analogue of the Polish primitive horse) showed an extremely

high values (26.99 %) of mean inbreeding. Both breeds anal-

ysed in the current study had the highest value of inbreeding

rate in 1982 and between 1989 and 1993, when it was around

0.5 % per year. Similarly, an increasing trend for inbreeding

(from 2.5 to 10 %) was observed (e.g. by Valera et al., 2005)

for Andalusian horses. It should be underlined that the trends

for inbreeding obtained in our study seem to be much more

stable after 2000, when both breeds were covered by con-

servation programs (Fig. 4). However, it cannot be excluded

that this stabilization is only an effect of increased popula-

tion size. Conservation programs of both breeds have sim-

Figure 6. Effective population size for Polish primitive horse and

Hucul individuals registered between 1980 and 2011 in Poland.

ilar goals – to keep genetic diversity at a safe level and to

preserve phenotypic characteristics of primitive horses. Un-

fortunately, except for the recommendation to avoid mating

of close relatives, conservation strategies seem to be unclear.

We have observed an increased interest in the Polish prim-

itive horse and Hucul breeding in Poland, which is among

other things related to subsidization of endangered breeds by

the government. In our opinion, rather than a permanent in-

crease of population size, more attention should be paid to

control the genetic diversity parameters and population fit-

ness of both breeds. To obtain the best possible effect of con-

servation, different management strategies have to be con-

sidered and an appropriate in silico simulations should be

conducted (Fernández and Caballero, 2001).

The amount of genetic diversity loss in the two breeds

since 1980 is shown in Fig. 5. Overall, the amount of ge-

netic diversity lost (1-GD) was higher in the Polish primi-

tive horse, where it ranged between 17 and 23 %, whereas in

the Hucul horses it ranged from 11 to 21 %. In the Huculs,

the majority of the genetic diversity loss was due to random

genetic drift (GD*−GD) and only a small proportion (2 to

3 %) of the loss could be attributed to unequal founder con-

tributions. On the other hand, the Polish primitive horse ap-

pears to have lost 6 % of diversity due to unequal founder

contributions.

Polish primitive horse had a stable trend for founder

genome equivalent which was around 5. In the case of the

Hucul breed, much larger changes of the coefficient were ob-

served over time. Between 1980 and 1998 it varied between 6

and 10, stabilized afterwards at 7, and declined to 5 genome

equivalents in 2011. Polish primitive horse also had a more

stable trend for the effective population size, which varied

between 23 and 37 across the analysed period of time. It is

worth noting that during the analysed period of time this pa-

rameter did not exceed 50, which is the level recommended

by FAO (1998) as a minimum for populations managed under

conservation programs. On the other hand, Hucul horses ex-

hibited a large decline of Ne from 155 in 1980 to 58 in 1984.

www.arch-anim-breed.net/58/23/2015/ Arch. Anim. Breed., 58, 23–31, 2015
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After an increase of Ne above 80 between 1985 and 1987 it

decreased to 32 thereafter (Fig. 6). It should be explained that

noticeable fluctuations of indices describing genetic diversity

of the Hucul breed in Poland are probably due to the differ-

ent content of the imported individuals (or horses originat-

ing from at least one foreign parent) recorded in Polish stud-

books in the analyzed years. Effective number of founders

was 40, and 17 for the Hucul and Polish primitive horse, re-

spectively. This parameter varies considerably depending on

population studied – e.g. for Hungarian Thoroughbred horses

it reached 42, whereas for German Paint horses it exceeded

900 (Bokor et al., 2013; Siderits et al., 2013). Effective num-

ber of ancestors was smaller, and reached 16 and 11 for the

Hucul, and Polish primitive horse. The ratio of effective num-

ber of founders and effective number of ancestors (fa/fe)

was 0.4, and 0.65 for the Hucul, and Polish primitive horse,

respectively. This pedigree-based analysis indicates that both

breeds might have gone through a bottleneck. The fa/fe ra-

tio found for the Hucul breed was similar to that reported for

the Andalusian horse (0.42; Valera et al., 2005), but smaller

than the values reported for Lipizzan (0.54; Zechner et al.,

2002) and Asturcón pony (0.72; Royo et al., 2007). Genetic

markers were also utilized to further test the existence of bot-

tlenecks in both breeds. Heterozygosity observed in the Pol-

ish primitive horse was significantly higher (p < 0.05) from

the equilibrium heterozygosity expected under the infinite al-

lele mutation model. Similarly to pedigree-based results, this

also indicates that this breed might have gone through a re-

cent bottleneck. In the case of the Hucul, the infinite allele

model also points to a possible bottleneck event in this breed

(p < 0.01). However, in both breeds the two-phased model

does not provide statistically significant evidence for an ex-

cess of heterozygotes and thus for the occurrence of a bottle-

neck.

Analyses based on microsatellite markers also point to-

wards a higher level of genetic diversity in the Huculs in

comparison with the Polish primitive horse. However the dif-

ferences between the two breeds are smaller than those ob-

served based on their pedigrees. Molecular mean kinship was

0.28 and 0.32 for the Hucul and Polish primitive horse, re-

spectively. In both breeds, trends for homozygosity by loci

(HL) fluctuated strongly in the initial period (1980–1995)

ranging between 0.05 and 0.37. In some of the analysed years

(i.e. 1980, 1988, and 1989 in the Hucul breed), it was im-

possible to calculate homozygosity because no animals had

been genotyped (Fig. 7). In years 1996–2011 HL increased

and the trend was more stable with values between 0.22 and

0.36. No major differences between the breeds were detected.

Homozygosity by loci (HL), which is considered as a mea-

sure of inbreeding based on marker data, did not confirm the

difference in levels of inbreeding (based on available pedi-

grees) between the two breeds as observed in Fig. 4. There-

fore, it can be hypothesized that the observed higher inbreed-

ing level of the Polish primitive horse can be partially at-

tributed to higher pedigree completeness of the breed. Het-

Figure 7. Mean homozygosity by locus (Hl) for Polish primitive

horse and Hucul individuals born between 1980 and 2008 in Poland.

erozygosity calculated separately for 12 microsatellite mark-

ers varied between 0.18 (HTG6 in Polish primitive horse)

and 0.86 (VHL20 in Hucul). In the case of HTG10 (both

breeds) and HMS3 (Polish primitive horse) markers, signif-

icant differences between observed and expected heterozy-

gosities were noticed (Table 2). Those deviations might have

resulted from the occurrence of null alleles in HTG10 and

HMS3 microsatellite markers, and thus the observed number

of heterozygote genotypes was putatively underestimated. A

similar situation was reported by Rendo et al. (2012) for the

Pottoka pony breed. Therefore, it seems reasonable to con-

sider the exclusion of both markers from the future analyses.

On the other hand, both microsatellite markers (HTG10 and

HMS3) are still recommended by ISAG for the horse parent-

age control and are broadly used in genetic diversity and phy-

logenetic studies, e.g. Van de Goor et al. (2011). Mean ob-

served heterozygosity (0.68) calculated for Polish primitive

horse does not differ from the results published by Gralak et

al. (2001). Mean observed heterozygosity estimated for Hu-

cul horses (0.71) corresponds with the results recently pub-

lished by Kusza et al. (2013) for Hungarian, Slovakian and

Austrian Hucul horses.

Mean expected heterozygosity was slightly higher in the

Hucul horses (0.72) in comparison with the Polish primi-

tive horse (0.70). Hucul breed also had a higher mean al-

lelic richness (AR) than the Polish primitive horse, equal to

9.41 and 8.66, respectively. The number of observed alleles

varied between 8 and 12 in the Polish primitive horse and be-

tween 7 and 12 in the Hucul breed (Table 2). In both breeds

and for almost all of the genotyped microsatellite markers,

the observed number of alleles was greater than reported in

previous studies (e.g. Gralak et al., 2001; Georgescu et al.,

2008; Van de Goor et al., 2010, 2011), although our inves-

tigation had spanned significantly larger animal populations.

Taking into consideration that in the case of both breeds the

parentage control based on microsatellite markers in Poland

is mandatory, we decided to use available molecular data in

our genetic diversity studies. However, as it was reported by
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Table 2. Results of the 12 microsatellite markers data analysis.

Marker name Polish primitive horse Hucul

N alleles AR Ho He N alleles AR Ho He

AHT4 10 9.11 0.73 0.75 10 9.72 0.78 0.79

AHT5 9 8.45 0.77 0.79 9 9.00 0.73 0.73

ASB2 12 11.61 0.78 0.78 11 10.89 0.80 0.81

HMS2 10 8.52 0.76 0.76 12 11.66 0.74 0.75

HMS3 10 9.07 0.74 0.79∗∗ 11 9.92 0.81 0.83

HMS6 10 8.10 0.80 0.81 9 8.35 0.72 0.73

HMS7 9 8.16 0.71 0.69 9 8.25 0.70 0.68

HTG10 12 10.92 0.79 0.82∗∗ 12 11.69 0.68 0.72∗

HTG4 8 7.17 0.54 0.54 7 6.73 0.70 0.69

HTG6 10 6.85 0.18 0.19 10 9.10 0.42 0.44

HTG7 8 5.79 0.59 0.61 7 6.23 0.62 0.64

VHL20 11 10.17 0.80 0.81 12 11.43 0.86 0.87

MEAN 9.92 8.66 0.68 0.70 9.92 9.41 0.71 0.72

∗ P < 0.05, ∗∗ P < 0.01 – differences between observed and expected heterozygosities (based on χ-squared test with

Yates’ continuity correction), AR – allelic richness, Ho – observed heterozygosity, He – expected heterozygosity.

Fernández et al. (2005) and Toro et al. (2009), the utility of

molecular marker information in conservation programs is

rather limited, especially if high-quality pedigrees are avail-

able. This situation might have changed if we replaced the

limited information received from genotyping of just several

STR markers by molecular data from genome-wide studies,

including a large number of SNP genotypes. As it was shown

by De Cara et al. (2011) such an approach can be very useful

in maintaining genetic diversity on a high level. Application

of genome-wide SNP information in phylogenetic and ge-

netic diversity analyses of the domestic horse is developing

dynamically, and results of such an investigations are pub-

lished every year (e.g. Binns et al., 2012; Petersen et al.,

2013).

Assessment of genetic diversity in the Polish populations

of Polish primitive horse and Hucul based on pedigree and

molecular data revealed an increased inbreeding level in

both breeds during the analysed period of time (1980–2011)

which is characteristic for small, closed animal populations,

originating from a limited number of founders. Parameters

related to genetic diversity (like effective population size or

founder genome equivalent) are generally higher in Hucul

horses whereas in the population of Polish primitive horse

they can be considered as much stable. Overall, both sources

of information (pedigree and genetic markers) indicate that

genetic diversity of both breeds has declined over time which

is particularly more apparent in the case of the Polish prim-

itive horse. Conservation programs of both breeds should be

revised and clear strategies for future populations manage-

ment should be proposed, including optimized mating strate-

gies and successive control of genetic diversity parameters.
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