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Abstract
In the present study, for the first time we investigated the genetic diversity among horse breeds from Bosnia
and Herzegovina: potential Bosnian and Herzegovinian mountain horse, Arabian horse, Thoroughbred horse
and crossbreeds, with special emphasis on the gene pool of potential Bosnian and Herzegovinian mountain
horse. In total, 138 animals were genotyped for 17 microsatellite loci. Compared to the other breeds, potential
Bosnian and Herzegovinian mountain horse showed quite a high genetic variability. The mean number of
alleles was 14.1765. The average observed heterozygosity was 0.6589 and the expected heterozygosity
was 0.8451. The mean value of polymorphic information content was 0.8286. The results of AMOVA test
showed 8.44% of genetic variation among populations. The highest genetic variation within population was
showed by potential Bosnian and Herzegovinian mountain horse (27.13). The same breed showed the
highest individual variation (17.35). Overall FST value showed high level of the genetic differentiation among
breeds (8.87%), and the pairwise FST values were all significant. Highest inter-group genetic differentiation
was observed among Arabian horse and Thoroughbred horse (groups of pure breeds) and potential Bosnian
and Herzegovinian mountain horse.
The results show that the potential Bosnian and Herzegovinian mountain horse has a high within breed
variability, more than could be expected. In the gene pool of potential Bosnian and Herzegovinian mountain
horse is present a part of the gene pool of other breeds. Also, these results show that there are very good
preconditions for the revitalization of the gene pool of potential Bosnian and Herzegovinian mountain horse.
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Introduction

Horses are members of the Equidae family, large land mam-
mals notable for its speed, strength and endurance. The
horses influence on human history and civilization make
them one of the most important domestic animals (13). Ge-
netic characterization of a breed is the first step in the conser-
vation of breeds, determination of future breeding strategies,
and is important to protect breed integrity (2, 19).

Identification of genetic variation among various horses
requires the development of genetic markers. Among avail-
able genetic markers, microsatellites have useful properties
for research on genetic diversity (8). In the recent years,
microsatellite markers are markers of choice in livestock
genetic characterization studies and have frequently been
used to evaluate genetic distances, characterise local breeds,
for equine population studies as well as parentage control
(6, 10, 21). Microsatellites are highly polymorphic genet-
ics markers, considered especially suitable for biodiversity
evaluation, owing to their co-dominant inheritance, high
heterozygosity, ubiquitous presence through the genome,

easy and reliable scoring, and high degree of polymorphism
(4, 8, 16).

The aim of this study was to analyze genetic diversity
among certain groups of different breeds of horses with
special emphasis on the gene pool of potential Bosnian and
Herzegovinian mountain horse by using 17 microsatellite
loci recommended by the International Society for Animal
Genetics (ISAG).

Material and Methods
The study was carried out on 138 animals divided into the
following groups: BOS–62 individuals (potential Bosnian
and Herzegovinian mountain horse); ARA-20 individuals
(Purebred Arabian horse); ENG-36 individuals (Thorough-
bred horse); KBA-7 individuals (crosses between Bosnian
and Herzegovinian mountain horse and Arabian horse);
KBR-9 individuals (crosses between Bosnian and Herze-
govinian mountain and Belgian horses, crosses between
Bosnian and Herzegovinian mountain horses and Holstein,
crosses between Bosnian and Herzegovinian mountain and
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Lipizzaner horses); KBN-4 individuals (crosses between
Bosnian and Herzegovinian mountain horse with an un-
known other parent). All horses were raised in Bosnia and
Herzegovina.

DNA for genotyping analysis was extracted from the
whole blood. Blood samples (3 ml) were collected from
V. jugularis using sterile venipuncture needles and EDTA
vacuum containers. Genomic DNA was isolated by the
original protocol for isolation of DNA from human blood
by method of salting out (15), which was modified and ad-
justed to horses blood and our laboratory conditions. The
concentration of isolated DNA was determined by spec-
trophotometry, using a spectrophotometer UV mini - 1240
(Shimadzu). For polymorphism analysis of nuclear DNA,
improved StockMarks c© Equine Genotyping Kit (Applied
Biosystems) designed for simultaneous genotyping 17 horse
microsatellite markers, was used. Selected microsatellite
regions were amplified with the PCR. The size of the am-
plified microsatellite fragments was analyzed using a ge-
netic analyzer ABI PrismT M 310 Genetic Analyzer. Deter-
mination of the size of the amplified fragments was per-
formed using GeneMapper ID v3.2 software. Biostatis-
tic and population-genetic analysis of molecular markers
were done by the following software packages: POWER-
MARKER 3.25 (11) (estimated number of alleles (Allele
No), Polymorphic Information Content (PIC), observed
(HO) and expected heterozygosity (HE ), the fixation index
(FST ) and pairwise FST (pFST ), analysis of molecular vari-
ance (AMOVA test), and MEGA4 (20) (Neighbor-Joining
(NJ) dendrogram).

Results
In this paper we reported the results of the first analysis of
genetic diversity among certain horse breeds from Bosnia
and Herzegovina with special emphasis on the gene pool
of potential Bosnian and Herzegovinian mountain horse.
Results for the number of alleles (Allele NO), observed het-
erozygosity (HO), expected heterozygosity (HE ) and poly-
morphic information content (PIC) for all groups are given
in Table 1. The highest mean Allele No was observed for the
group BOS (14.1765) and the lowest for the groups ARA
(5.5822) and KBR (5.2353). The same groups showed the
highest and the lowest mean values of HE (0.8451, 0.7017
and 0.7002 respectively) and PIC values (0.8286, 0.6530
and 0.6622 respectively). The highest mean value of HO
was showed by the groups KBR (0.7255) and KBA (0.7213)
and the lowest group ARA (0.6261).

Analysis of molecular variance (AMOVA test) showed
8.44% of genetic variation among populations (Table 2).
The highest genetic variation within population showed
group BOS (27.13). The same group showed the highest
within individuals variation (17.35).

The fixation index, measure of population differenti-
ation (FST ) showed high level of genetic differentiation
among breeds (8.87%). The results of pairwise differences
(pFST ) for all groups are presented in Table 3. The pFST
values were all significant. Group BOS showed the greatest
differentiation compared to the group ENG (9.37%) and
group ARA (8.83%). Highest inter-group genetic differenti-

ation was observed among groups of pure breeds and group
BOS.

Table 1. Summary statistics for all tested groups showing
number of alleles (Allele No), expected heterozygosity
(HE ), observed heterozygosity (HO) and polymorphic
information content (PIC) for 17 microsatellite loci

Group Allele No HE HO PIC
BOS 14.1765 0.8451 0.6589 0.8286
ENG 8.5294 0.7233 0.6487 0.6856
ARA 5.5822 0.7017 0.6261 0.653
KBR 5.2353 0.7002 0.7255 0.6622
KBA 6.8824 0.7867 0.7213 0.7592
KBN 7.1765 0.8007 0.6471 0.7768

Table 2. Results of analysis of molecular variance
(AMOVA test)

Source Sum Of Square Percentage
Among Populations 336.5905 0.0844
Within Population (ARA) 262.0611 0.0657
Within Population (BOS) 1082.2161 0.2713
Within Population (ENG) 488.2778 0.1224
Within Population (KBA) 100.5714 0.0252
Within Population (KBN) 113.5714 0.0285
Within Population (KBR) 68.8333 0.0173
Within Individuals (ARA) 212 0.0531
Within Individuals (BOS) 692 0.1735
Within Individuals (ENG) 379 0.0995
Within Individuals (KBA) 85 0.0213
Within Individuals (KBN) 77 0.0193
Within Individuals (KBR) 74 0.0186
Total 3989.1216 1

Table 3. Results of pairwise differences (pFST ) for all
tested groups

ARA BOS ENG KBA KBN KBR
ARA 0 0.0883 0.1292 0.1431 0.0958 0.2129
BOS 0.0883 0 0.0937 0.0207 0.002 0.0679
ENG 0.1292 0.0937 0 0.107 0.0703 0.1762
KBA 0.1431 0.0207 0.107 0 -0.0094 0.0227
KBN 0.0958 0.002 0.0703 -0.0094 0 0.0494
KBR 0.2129 0.0679 0.1762 0.0227 0.0494 0

Constructed Neighbor-Joining (NJ) tree based on (pFST )
shows a clear position of groups ARA and ENG in a sepa-
rate cluster. Groups of crossbreeds formed a separate cluster,
too. Position of the group BOS is between groups of the
pure breeds and crossbreeds, and formed the third cluster
(Figure 1).

Figure 1. Neighbor-Joining tree based on (pFST ) among all
tested groups
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Discussion and conclusion
During the research described in this paper we carried out
the genetic analysis of the certain horse breeds from Bosnia
and Herzegovina using microsatellite markers. First data of
molecular genetic structure and mutual population relations
of potential Bosnian and Herzegovinian mountain horse
compared to pure breeds and crossbreeds, were obtained.
The number of alleles per loci is a simple and common mea-
sure of genetic diversity and, in some cases, may be more
informative than genetic heterozygosity (17). The mean
number of alleles for group BOS in our study was higher
compared to the other tested groups, and those reported in
the previous studies (from 4.3 to 9.58) (9, 18, 19). The
differences among breeds and their mean number of alleles
could depend on the analyzed number of alleles, number
of samples as well as the population structure. Our results
of the mean number of alleles for other groups included in
this study were consistent with the results from the previous
studies.

The average levels of HO and HO reported in the liter-
ature for other horse breeds mostly ranged from 0.302 to
0.78 for HO, and from 0.305 to 0.82 for HE (1, 3, 5, 7, 12,
14, 17, 18, 19, 22, 23). Our data for HO and HE for all
tested groups are consistent with data from the previous
studies. Only group BOS showed higher values of expected
heterozygosity. The mean allele number and heterozygos-
ity levels observed in our study indicate the presence of
reasonably high level of genetic variability in group BOS.

Genetic markers showing PIC values higher than 0.5
are normally considered as informative in population ge-
netic analysis (18). All mean PIC values in our study were
above this level and we can validate the high polymorphism
of chosen markers and high degree of informativeness of
chosen markers in evaluation of genetic diversity.

The results of AMOVA test indicate a clear differen-
tiation among the groups of horses. The highest genetic
variation within population, and within individuals observed
for group BOS indicate that this group cannot be treated
as a completely pure breed, and confirm the presence of
the gene pool of other breeds. The analysis of FST showed
that genetic differences between the breeds accounted for
8.87 of the total variation (FST = 8.87; p = 0.001). This esti-
mate is similar to those reported in Spanish Celtic breeds
and western Mediterranean breeds, but lower than the FST
values obtained in other studies on European breeds (1, 3,
5, 14). The values of the genetic differentiation of 10% are
typical for differentiation between geographically isolated
populations of horses as well as within the different breeds
(23). Our results of AMOVA test and FST were similar, and
demonstrate clear differentiation among the tested groups.

The pairwise FST values were all significant. High-
est inter-group genetic differentiation, observed among the
groups of pure breeds (ARA and ENG) and group BOS,
indicates that the group BOS, whatever the variable was, is
differentiated in relation to the groups of pure breeds. It is
noteworthy that the group BOS showed the greatest genetic
variability, probably because of its wide genetic base and
heterogeneity. Our results indicate that in the gene pool
of group BOS, present is a part of the gene pool of other

breeds, and that this group cannot be treated as a complete
purebread. The position of the group BOS on phylogenetic
tree, except suggesting that this group in gene pool contains
the genes of other breeds, provides confirmation that there
are very good preconditions for the revitalization of the
gene pool of the group BOS.

The obtained results can be of great help to farmers,
offering a broad and essential base of information by pro-
viding guidelines for the cultivation and establishment of
breeding programs. These data can be very useful for the
development of conservation programs and management
strategies in order to protect and preserve our breed.

The research is a contribution to the study and conser-
vation of animal genetic resources. Contributes to knowl-
edge about the population structure and assess the existing
genetic diversity of Bosnian and Herzegovinian mountain
horse. Also, it opens the way and gives the scientific ba-
sis and guidelines for further researches in order to com-
plete the information on the origin and evolution of our
breed. Such researches would help in preserving Bosnian
and Herzegovinian mountain horse, which would certainly
contribute to the overall conservation of biodiversity at the
global level.
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Analiza genetičke raznolikosti izmedu nekih pasmina konja iz Bosne i
Hercegovine

Sažetak
Uvod
Konji predstavljaju važan animalni genetički resurs. U
ljudskoj historiji, niti jedna domaća životinja nije odigrala
tako značajnu ulogu u socijalnom progresu i političkom
razvoju kao konj, što ga čini jednom od najvažnijih domaćih
životinja. Identifikacija genetičke raznolikosti izmedu ra-
zličitih konja zahtijevala je razvoj mikrosatelitnih markera,
koji su se poka-zali kao idealan izbor za studije genetičke
raznolikosti. Mikro-sateliti su visokopolimorfni genetički
markeri, podjednako distri-buirani kroz genom, s kodomi-
nantnim nasljedivanjem i lako se analiziraju.

Cilj istraživanja je bila analiza genetičke raznolikosti
izmedu pojedinih pasmina konja iz Bosne i Hercegovine, s
posebnim akcentom na ispitivanje genetičke osnove bosan-
skohercegovačkog brdskog konja, korištenjem seta od 17
mikrosatelitnih markera preporučenih od strane ISAG.

Materijal i metode
U radu su prikazani rezultati prvih istraživanja genetičke
raznolikosti izmedu sljedećih pasmina konja s područja
Bosne i Hercegovine: potencijalni bosanskohercegovački
brdski konj (grupa BOS–62 individue), arapski punokrvni
konj (grupa ARA–20 individua), engleski punokrvni konj
(grupa ENG–36 individua) te križanci u tipu bosansko-
hercegovačkog brdskog konja i arapskog punokrvnog konja
(grupa KBA–7 individua), križanci u tipu bosanskoherce-
govačkog brdskog konja i belgijskog, holštajn konja i lipi-
canera (grupa KBR–9 individua) i križanci u tipu bosansko-
hercegovačkog brdskog konja, s nepoznatim drugim roditel-
jem (grupa KBN–4 individue). DNA za genotipizaciju je
izolirana iz pune krvi 138 konja. Od svakog konja je uzeto
po 3 ml krvi iz v. jugularis u epruvete sa EDTA. Genom-
ska DNA je izolirana po originalnom protokolu za izolaciju
DNA iz humane krvi metodom isoljavanja, koji je modifici-
ran i prilagoden krvi konja i našim laboratorijskim uvjetima.
Koncentracija izolirane DNA je utvrdena metodom spektro-
fotometrije UV mini - 1240 (Shimadzu). Za analizu polimor-
fizma nuklearne DNA je korišten poboljšani StockMarks c©
Equine Genotyping Kit (Applied Biosystems) dizajniran za
simultanu genotipizaciju 17 mikrosatelitnih markera konja.
Odabrani mikrosatelitni regioni su umnoženi PCR-om, a
veličina umnoženih mikrosate-litnih markera je analizirana
pomoću genetičkog analizatora ABI PrismTM 310 Genetic
Analyzer. Biostatističke i popula-ciono-genetičke anal-
ize mikrosatelitnih markera su uradene softverskim pake-
tima (GeneMapper ID v3.2 software): POWERMARKER
3.25 (procjena broja alela, test informativnosti sadržaja

polimorfizma – PIC, uočena - HO i očekivana heterozig-
otnost - HE , genetička diferencijacija - FST i medugru-pna
genetička diferencijacija - pFST , analiza molekularne var-
ijance – AMOVA) i MEGA4 (Neighbor-Joining (NJ) den-
drogram).

Rezultati i interpretacija
U poredenju s drugim grupama, grupa BOS je pokazala vi-
sok nivo genetičke raznolikosti. Najviše vrijednosti srednjeg
broja alela (14,1765) i očekivane heterozigotnosti (0,8451)
su uočene za pomenutu grupu. Vrijednosti PIC-a, uočene
u našem radu, ukazuju da su primijenjeni mikrosatelitni
markeri informativni, polimorfni i pogodni za ovakav tip
istraživanja. Rezultati AMOVA testa pokazuju da se 8.44%
genetičke varijacije odnosilo na varijaciju izmedu popu-
lacija. Najveća unutargrupna varijacija je primijećena za
grupu BOS (27,13). Ista grupa je pokazala i najveću vari-
jaciju unutar individua (17,35). Rezultati FST testa (8,87%),
koji pokazuju visok nivo genetičke diferencijacije izmedu
promatranih grupa, sukladni su s rezultatima AMOVA testa
i pokazuju jasnu diferencijaciju izmedu posmatranih grupa
konja. Analizom pFST testa uočena je najveća diferenci-
jacija izmedu grupa “čistih pasmina“ (ARA i ENG) i grupe
BOS. Dobiveni rezultati su pokazali da grupa BOS ima vi-
sok nivo genetičke varijabilnosti. U genofondu grupe BOS
prisutan je i dio genofonda drugih pasmina, te se ova grupa
ne može tretirati kao potpuno genetički “čista”. Položaj
grupe BOS na filogenetičkom stablu, osim što upućuje na
zaključak da ova grupa u svom genofondu sadrži primjese
gena drugih pasmina, daje potvrdu da postoje dobri predu-
vjeti za revitalizaciju genskog fonda grupe BOS.

Dobiveni rezultati mogu biti od velike pomoći za uz-
gajivače, nudeći široku i bitnu bazu informacija, dajući
smjernice za strategiju uzgoja te uspostavljanje programa
uzgoja. Takoder, daju naučnu osnovu i predstavljaju vodič
za buduća istraživanja u cilju zaštite i očuvanja bosansko-
hercegovačkog brdskog konja, što bi, svakako, doprinijelo i
očuvanju biodiverziteta na globalnom nivou.

Zaključak
Rezultati rada su pokazali da potencijalni bosanskoherce-
govački brdski konj ima visok nivo genetičke varijabilnosti.
U genofondu potencijalnog bosanskohercegovačkog brd-
skog konja prisutan je i dio genofonda drugih pasmina te se
ova grupa ne može tretirati kao potpuno genetički “čista”.
Takoder, rezultati pokazuju da postoje vrlo dobri preduvjeti
za revitalizaciju genskog fonda potencijalnog bosansko-
hercegovačkog brdskog konja.


