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Abstract

The focus of this study was on genetic diversity of TB horse population raised in B&H.
Genomic DNA was genotyped by using 17 microsatellite markers. A total of 103 alleles were
detected. The average number of alleles per locus was 6.059 and effective number of alleles was
3.293. Means of observed and expected heterozygosity were calculated 0.645 and 0.696,
respectively. The average PIC values was 0.649 and inbreeding coefficient was 0.090. Based on
all observed parameters, ASB2 locus showed the highest genetic diversity while locus HMS2
was the least diverse. These results suggest that the population of TB horses from B&H is not
affected by substantial loss of genetic diversity, indicating the presence of reasonably high
level of genetic variability.
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The Thoroughbred (TB) horse is an important breed is a favorite for use in the horse racing
horse breed best known as a racehorse. This industry and has exceptional physiological
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traits'>'”. TB horse is one of the oldest breeds of
domestic animals with pedigree records spanning
three centuries. The origin of TB horse was made
by crossing imported eastern stallions (Arabian,
Barb or Turk) with mares of English native horse,
and then by the artificial selection for horse
racing from early 1700’s. Nowadays, the TB
breed is widespread in many countries around
the world'™***%.

During the war period in Bosnia and
Herzegovina (B&H) (1992-1995) the total number
of farm animals, including horses, has been more
than halved. The number of horses declined by
65 per cent compared to 1991. Unfortunately,
available statistical data indicate that the number
of horses, including TB horses, remains in decline.
B&H still has no Stud Book of TB horses,
and official information about the number of
administrated TB horses, the number of annually
born TB horses and the number of registered
stallions in B&H are almost non-existent®. Such
dynamic population changes clearly call for the
investigation of genetic information of remaining
TB in B&H.

According to the requirements of the
International Society for Animal Genetics (ISAG)
and the International Stud Book Committee
(ISBC) from 2001,
obliged to conduct testing of TB horses using

genetic laboratories are

microsatellite loci of DNA. The microsatellites
are characterized by the codominant character of
inheritance and a high level of polymorphism.
These markers are an important tool not only for
parentage control, but also in genetic and
population analyses™.

Genetic diversity of TB horse from India,
11) 17) 21)

, Egypt'”, Canada
investigated based on

Romania®, Slovakia and

Korea®™ has been
microsatellite data. However, genetic diversity of
TB horse population from B&H has not been
studied yet. In this paper we report the results of
the first genetic analysis of TB horse population
from B&H wusing 17 microsatellite markers
currently recommended by International Society

for Animal Genetics (ISAG)”.

The study included 30 whole-blood samples
from Thoroughbred horses raised in the Western
and Central Bosnia and Herzegovina (16 stallions
and 14 mares), from 2 to 10 years of age. All
sampled horses were born in B&H and unrelated
to each other. Blood samples (3 ml) were collected
from v. jugularis using sterile venipuncture
needles and EDTA vacuum containers. Genomic
DNA was isolated according to the modified
protocol (3 ml of blood; 10 ml of Lysis buffer; 4 ml
of PBS; 4 ml of Kern-lysis buffer; 150 ul of 20%
SDS; 100 pl of protease and 0,5 ml 6 M NaCl) for
the isolation of DNA from human blood by
salting-out method'”. The concentration of isolated
DNA was determined by spectrophotometry, using
UV mini - 1240 (Shimadzu) spectrophotometer.
Improved StockMarks® Equine Genotyping Kit
(Applied Biosystems), designed for simultaneous
amplification of 17 horse microsatellite markers,
was used for the analysis of nuclear DNA
polymorphism. PCR was performed according to
the manufacturer’s protocol. PCR products were
analyzed on an ABI Prism™ 310 Genetic
Analyzer. Sizing of the amplified fragments was
performed using GeneMapper ID v3.2 software.
Allele size range, major allele frequency (fy),
number of different alleles (Ay), polymorphic
information content (PIC)”, observed heterozygosity
(H,), expected heterozygosity (Hy)'”, inbreeding
coefficient (F)*’ and deviation from Hardy-
Weinberg equilibrium (HWE)® were calculated
using POWERMARKER 3.25". The number of
effective alleles (Ag) was estimated using GenAlEx
software®. Simple ratio between the number of
effective alleles and the number of observed
alleles (Ag/Ay), as well as major allele frequency
index (Ify) were calculated as suggested by

2 This ratio indicates whether there is a

Pojskic
disproportion between the effective number of
alleles and the number detected by direct
counting. Major allele frequency index shows
how much is the larger frequency greater than
expected assuming equal frequencies of all
detected alleles at a given locus. It is expressed

as fy/(1/Ay) where fy represents the major allele
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frequency and Ay is the number of detected
alleles at a given locus.

All the
reported in the study, were amplified successfully.

equine microsatellite markers,
Results for allele size, major allele frequency (f)),
major allele frequency index (Ify), number of
different alleles (Ay), number of effective alleles
(Ap), Ag/Ay ratio, observed heterozygosity (H,),
expected heterozygosity (Hg), deviation from
Hardy-Weinberg equilibrium (HWE), polymorphic
information content (PIC) and inbreeding
coefficient (F) are given in Table 1. A total of 103
alleles were detected across 17 microsatellite
markers in TB horse population. PCR product
size range varied from 77-101 bp at HTG6 locus
to 219-253 bp at ASB2 locus. The number of
observed alleles at individual loci was variable,
ranging from 2 (HTG4) to 10 (ASB2) with a mean
value of 6.059. The range of effective number of
alleles spanned from 1.946 (HTG4) to 6.406
(ASB2) with a mean value of 3.293. The highest
ratio between number of effective alleles and
number of different alleles was detected for
HTG4 and the lowest for CA425 locus. The mean
value for this ratio was 0.544. The largest value
of major allele frequency index was detected for
CA425 (3.600) and the lowest for HTG4 (1.167)
with a mean value of 2.542. The observed
heterozygosity values across the 17 polymorphic
marker loci ranged from 0.400 (LEX3) to 0.800
(ASB17) with a mean of 0.645. The expected
heterozygosity varied from 0.486 (HTG4) to 0.844
(ASB2) with a mean of 0.696. The PIC values
varied from 0.368 at locus HTG4 to 0.826 at
locus ASB2, with a mean value of 0.649. Of
the 17 markers, HMS7, ASB23, ASB2, HTG10,
HMS3, ASB17 and LEX3 loci have relatively
high PIC value (>0.7), whereas the other loci
used in this study (except HTG4) showed PIC
values higher than 0.5. The inbreeding coefficient
fluctuated from —0.009 (AHT4) to 0.507 (LEXS3),
with a mean of 0.090. Statistically significant
deviation (P < 0.05) from HWE was observed for
ASB23, HMS3 and LEXS3 loci.
These preliminary results

are the first

genetic diversity survey of TB horse population
raised in Bosnia and Herzegovina. Our detected
allelic sizes (spanning between 77 and 253 bp) in
general concur with previously described range.
Even though some discrepancies in allele sizes
between this study and previous reports can be
attributed to the difference in the instrument
used to analyze the samples, we observed alleles
that fall outside of expected size range for loci
HTG4, HTG7, HMS1, HMS6, ASB2, ASB17 and
ASB23. Our results of the average number of
effective alleles per locus were lower than that
previously reported for TB horses from India"”
(3.85), Poland'”, (3.589), Lithuania (3.662),
Egypt'” (4.853) and Canada® (3.87). The most
polymorphic locus in our study was ASB2 with
10 allelic variants. The highest number of alleles
for ASB2 locus was described in TB racehorses
from Slovakia'’, Korea' and Egypt'”. The least
polymorphic locus was HTG4 with 2 allelic
variants. The same locus showed the lowest
number of alleles in TB horses in Slovakia'”. Our
data for the mean number of alleles were similar
to the results of Iwanczyk et al.'” (6.167), Luis et
al.’® (6.25), Mahrous et al.'” (6.600) and Sun-yong
and Giljae*® (6.36). Lower mean number of
alleles for investigated TB horse populations
were reported in other previous studies (4.2-
5.73)1 247218202930 - Generally, the differences in
average number of alleles may be attributed to
different set of chosen microsatellite markers,
number of analyzed markers, number of
individuals in study, as well as population
structure. The high level of AE/AN ratio indicates
that large portion of detected alleles actually
have major participation in genetic diversity of
TB horse population raised in B&H, which could
provide a solid start in perspective revitalization
of TB horse population in B&H.

Results for the average level of H, detected
in our work were similar to results on TB horses
reported by Glowatzki-Mullis et al.” (0.65), Solis
et al.* (0.633) and Tozaki et al.*” (0.63). Behl et
al." reported lower Ho values for TB horses from

India (0.53). In other studies on TB horse
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Table 1. Allele size range, major allele frequency (fy), major allele frequency index (Ify), number of
different alleles (Ay), number of effective alleles (Ag), Ag/Ay ratio, observed heterozygosity (H,),

expected heterozygosity (Hg),

deviation from Hardy-Weinberg equilibrium (HWE),

polymorphic

information content (PIC) and inbreeding coefficient (F) at 17 microsatellite loci in Thoroughbred

horse population from Bosnia and Herzegovina

Allele size HWE
Locus range fu Ify Ay Ag Ap/Ax Hg Hg PIC F
(bp) p-value

VHL20 84-96 0.350 1.750 5 3.846 0.769 0.767 0.740 0.963 0.694 —0.019
HTG4 126-130 0.583 1.167 2 1.946 0.973 0.500 0.486 1.000 0.368 —0.012
AHT4 144-158 0.383 1.533 4 3.502 0.876 0.733 0.714 0.462 0.662 —0.009
HMS7 171-181 0.383 2.300 6 4.206 0.701 0.700 0.762 0.233 0.730 0.098
HTG6 77-101 0.500  3.000 6 2.609 0435 0.767 0.617 0.071 0.547 —0.227
AHT5  128-140 0.583  3.500 6 2476 0413 0.633  0.596 0.587 0.551 —0.046
HMS6 156-188 0.433  3.033 7 2.990 0427 0.633 0.666 0.686 0.607 0.065
ASB23 176-218 0.283  2.550 9 5128 0570 0.633  0.805 0.009 0.779 0.229
ASB2  219-253 0.250  2.500 10 6.406 0.641 0.733  0.844 0.320 0.826 0.148
HTG10 85-105 0.350  2.450 7 4.265 0.609 0.733  0.766 0.886 0.731 0.059
HTG7 112-126 0.417  2.500 6 3.371 0562 0.533  0.703 0.090 0.654 0.258
HMS3 148-164  0.400  2.400 6 4.082 0.680 0.500 0.755 0.004 0.723 0.353
HMS2 216-226 0.600 3.000 5 2.323 0.465 0.500 0.569 0.736 0.518 0.139
ASB17 96-120 0.283 1.983 7 5.143 0.735 0.800 0.806 0.117 0.778 0.024
LEX3 139-161 0.267 1.867 7 4.800 0.686 0.400 0.792 0.000 0.760 0.507
HMS1 172-182 0.467 1.867 4 2.757 0.689 0.767 0.637 0.572 0.567 —0.187
CA425 228-240 0.600 3.600 6 2.381 0.397 0.633 0.580 0.904 0.536 —0.075
Mean — 0.420 2.542 6.059 3.293 0.544 0.645 0.696 — 0.649 0.090

populations the average values of Ho were
higher than values found in our study (0.663-
0.880)>*&10:18.1416.17.21,262980) 'mhe ayerage level of Hy
reported in the literature for TB horse populations
mostly ranged from 0.65 to 0.829"%*%710141617.21,25,
262930 " Our data for Hy are consistent with data
from previous studies. Comparing our results
of mean number of alleles and observed
heterozygosity with results previously reported
for European TB horse population®” we can
conclude that the mean number of alleles in TB
horse population from B&H was above the mean
for European TB horses (6.059 compared to 4.2).
Observed heterozygosity was similar to the results
observed for European TB horses (0.645 compared
to 0.63). Average number of effective alleles
detected in our study was similar to results for
domestic horse breeds' (3.293 compared to 3.531).

Observed heterozygosity was below the mean for

domestic horse breeds (0.645 compared to 0.697),
while expected heterozygosity was higher than
the mean for domestic horse breeds (0.696
compared to 0.674). The level of observed
heterozygosity for loci VHL20, HTG4, AHT4,
HTG6, AHT5, HMS1 and CA425 was higher than
expected, while for the rest of employed loci
observed heterozygosity was lower. According to
Berber et al.” larger disproportion between
observed and expected heterozygosity could be an
indicator of within-population inbreeding or
conversely population subdivision reduction. In
our study, the greatest difference between H,
and Hjy was observed for LEX3 locus. The same
difference between H, and Hy for this locus was
observed in Fornal et al.” and Zabek et al.*” as
well. Fornal et al.” explained that this difference
probably occurs because of the linkage of LEX3
locus to X-chromosome. The allele numbers and
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heterozygosity levels observed across the studied
loci indicate presence of reasonably high level of
genetic variability in TB horse from B&H. Given
the size of overall population, such high values
can be interpreted by the fact that, after the war,
stallions of TB horses from other countries were
imported in B&H, which certainly affected the
genetic pool of the existing population. Observed
results could also be conditioned by the
experiment design (the samples were collected in
two locations and all sampled horses were not
related to each other).

The PIC values, detected in our study,
suggested that 94,12%

informative (PIC > 0.5) in terms of their suitability

markers were quite

for genetic diversity studies while remaining
locus was reasonably informative. Values below
50% can be considered uninformative®, although
in the present case this only applies to HTG4
locus.

Most loci indicate no major inbreeding in TB
horse population from B&H, while overall value
shows moderate characteristics. The value for
LEXS3 locus is probably encumbered with error
because of its linkage to X-chromosome.

Results of our study indicate presence of
reasonably high level of genetic variability in TB
horse from B&H. However, assuming values of
H,, Hy and PIC around 0.7, we consider loci
VHL20, HMS7, ASB2, HTG10 and ASB17 as the
most polymorphic. When all observed parameters
are taken into account, it can be concluded that
population of TB horse raised in B&H is not
affected by substantial loss of genetic diversity
which is very important in the process of
revitalization. The present work is a contribution
to the knowledge of population structure and
assessment of genetic diversity of TB horse
population from B&H, offering basic information
that may be helpful to horse breeders in designing
and managing future breeding strategies.
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