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DNA MICROSATELLITE TEST OF THOROUGHBRED
AND TROTTER HORSES IN HUNGARY

JOZSA, CSILLA Ms. — HUSVETH, FERENC — BAN, BEATA Ms. — TAKACS, ERZSEBET Ms.

SUMMARY

DNA microsatellite test of Thoroughbred (n=58) and Trotter horses (n=52) was carried out to
prove the applicability of this method in the parentage control. The evaluation was made by means
of ABI 310 automatic genetic analyser.

Among the 12 microsatellites tested the frequence of VHL20, HMS7, ASB2, HTG10 and HMS3
showed strong (P<0,001), while microsatellites AHT4 and HTG7 exhibited somewhat less pro-
nounced (P<0,01) significant differences in gene frequence between Thoroughbred and Trotter
horses. Comparising the two breeds, however, no significant differences were detected in the fre-
quency of microsatellites HTG4, AHT5, HTG6 and HMS2.

In most cases the distribution of alleles in microsatellites alsé showed significant differences
(P<0 001; P<0,01; P<0,05) between the two breeds tested.

The results prove that by DNA microsatellites can be used for the comparison of herds and fér
the estimation of genetic distance or similarity.

OSSZEFOGALALAS

Jozsa Cs. - Husvéth F. - Ban B. - Takacs E.: A TELIVER ES AZ UGETO LOFAJTAK DNS-
MIKROSZATELLIT VIZSGALATA MAGYARORSZAGON

A vizsgélatok soran két l6fajta az angol telivér és az amerikai Uget6 tenyészallatainak (n=110)
DNS-mikroszatellit vizsgalatat végezték el a szerz6k, szarmazésellen6rzés céljabol. 12 mikrosza-
tellitet hasznaltak fel az elemzés sordn a kovetkez6kben felsoroltak szerint: VHL20, HTG4, AHT4
HMS7, HTG6, AHT5, HMS6, HMS3, ASB2, HTG10, HTG7, HMS2. Az értékelést ABI 310 automata
genetikai analizator segitségével végezték el.

A kapott eredmények alapjan a két fajta k6zott egyes mikroszatellitek esetében Jelentos (ASB2,
HMS7, HMS3), mas mikroszatellitek esetében (AHT5, HTG4, HTG6) viszont nem mutatkozott
kulénbség a két fajta kozott. A legnagyobb eltérések a VHL20, a HMS7, a HMS6, az ASB2, a
HTG10 a HMS3 az AHT4 és a HTG7 mikroszatellitekben ((P<0,001; P<0,01) voltak. A mikrosza-
tellitek alléljainak szazalékos megoszlasat figyelve, egyes allélok kiugréan magas gyakorisaggal
fordultak el6.

Eredményeik igazoljak, hogy a fajtakon belll végbemené genetikai valtozasok, a kilénb6z6 ro-
koni kapcsolatok, a beltenyésztettség is figyelemmel kisérhet6ek.
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INTRODUCTION

The DNA molecule, as carrier of hereditary traits, is the nucleus of microsa-
tellite tests. From the aspect of our study, out of the polymorphisms the so
called variable number of tandem repeats (VNTR) is remarkable. The rather
strong polymorphism of VNTRs is due to the different number of tandem repeat-
ing DNA sequences that can be found in the eucaryota genome. Depending on
the length of repetitive stages, satellites, minisatellites and microsatellites are
distinguished (Bowling, 1996).

Microsatellites (STR: Short Tandem Repeat) are efficient tools fér genome
mapping. By their application, animals can be identified easily and accurately
(Bowling, 1996). They belong to the repetitive sequence family in which very
simple 14 basis and sequence repeat themselves in one stage, however, at
the same time the duplicate number shows a significant variability.

The relatively equal distribution of microsatellites in the genome makes the
above mentioned gene mapping possible, while the considerable marker activity
could be effectively utilized both in the individual breed identification and the
genetic comparisons (Takahashi et ai, 1998; Domjan et al 1998- Zhou and
Lamont, 1999; Romanov and Weigend, 2001). Their typifying is based on the
numerical variability of the repetition of somé base pairs, that can be found be-
tween two sequence sections typical of only a given genome section (Weber
and May, 1989).

Microsatellites proved to be the most up-to-date and usable markers for
controlling the parentage of horses (Bowling, 1996).

On the basis of the examination of genetic markers by microsatellite inves-
tigation, numerous calculations can be performed. In addition to the establish-
ment of their frequency, additional information may be obtained on the breed
and for evaluation carried out within the herd (e.g. heterozygosity, inbreeding,
presence of within-microsatellite alleles). Consequently, microsatellites can be

used fér the comparison of herds and for the estimation of genetic distance or
similarity (Ae/, 1972, DOmjan et al., 1998).

MATERIALS AND METHODS

Sample collection and preparation

Blood samples from each of two Hungéarian herds of Thoroughbred and
Trotter horses (two-two populations) were used fér the test. The principle of
randomisation was used to select the horses. Tubes containing EDTA were
used to take blood samples from the jugular vein for the DNA microsatellite
determination. Blood samples were stored at -20 °C until the analyses.

Laboratory analysis

The collected samples were subjected to PCR and microsatellite analysis.
The examinations were carried out in the DNA department of the Immune-
Genetic Laboratory of the National Institute for Agricultural Quality Control.
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Twelve microsatellites, recommended fér the parentage control of horses bv the
International Society for Animal Genetics (ISAG), were determined (Table 1).

Table 1
List of the 12 horse DNA microsatellites examined
Locus(1) Primary sequence (5'—3')(2) Allele length (bp)(3) Reference(4)
VHL20 (FAM)-CAAGTCCTCTTACTTGAAGACTAG 86-105 vanHaeringen et al.
AACTCAGGGAGAATCTTCCTCAG (1994)
ires  (FAM):-CTATCTCAGTCTTGATTGCAGGAC 120.140 Ellegren et al.
CTCCCTCCCTCCCTCTGTTCTC (1992)
(FAM)-AACCGCCTGAGCAAGGAAGT ] .
AHT4 GCTCCCAGAGAGTTTACCCT 146-170 Binns et al. (1995)
(FAM)-CAGGAa ACTCATGTTGATACCATC ] .
HMS7 TGTTGTTGAAACATACCTTGACTGT 170-188 Guerin et al. (1994)
(JOE)-ACGGACACATCCCTGCCTGC ] .
AHTS5 GCAGGCTAAGGGGGCTCAGE 129-149 Binns et al. (1995)
(JOE)-GAAGCTGCCAGTATTCAACCATTG ) .
HMS6 CTCCATCTTGTGAAGTGTAACTCA 157-171 Gueérin etal. (1994)
HTG6 (JOE)-CCTGCTTGGAGGCTGTGATAAGAT 80-107 Ellegren et al.
GTTCACTGAATGTCAAATTCTGCT (1992)
(JOE)-CCACTAAGTGTCGTTTCAGAAGG )
ASB2 CACAACTGAGTTCTCTGATAGG 240-270 Breen etal. (1997)
ro1o  (TAM)-CAATTCCCGCCCCACCCCCGGCA 92112 Markiund et al.
TTTTTATTCTGATCTGTCACATTT (1994)
17 (TAM)-CCTGAAGCAGAACATCCCTCCTTG 118.130 Markiund et al.
ATAAAGTGTCTGGGCAGAGCTGCT (1994)
(TAM)-CCAACT CTTTGTCACATAACAAGA ] »
HMS3 CCATCCTCACTTTTTCACTTTGTT 149-172 Guérin et al. (1994)
imsz  (TAM)-CTTGCAGTCGAATGTGTATTAAAT 218.238 Guérin et al, (1094)

ACGGTGGCAACTGCCAAGGAAG

1 téblazat: A lovak vizsgalt 12 DNS mikroszatellitje
mikroszatellit(l), els6dleges szekvencia(2), alléi hosszusag(3), hivatkozas(4)

Genomic DNA was isolated from lymphocytes by the method described by
Markiund et al. (1994). 40 (jl from blood samples thawed at room temperature
was poured int6 Eppendorf tubes, 600 [jl TIOE1l cleansing linquid was added
and the tubes were shaken on a laboratory equipment. Thereafter the samples
were ultracentrifuged (13,000 rpm, 2 min, at 4 °C), the supernatant was de-
canted and 600 (jl wash liquid was pipetted to the precipitate. This was followed
by vortexed fér 10-30 sec to suspend the precipitate. The above two steps
were repeated twice and then the content of tubes was ultracentrifuged (13,000
rom, 2 min). The supernatant was decanted and the tubes were laid over dry
paper cloth to have drops of wash liquid strained off before starting the lysis.
One hundred |[jl lysis solution (Proteinaze K solution + lysis buffer) was added to
the dried precipitate, then the samples were vortexed for 30 sec. Subsequently
the samples were put in water-bath of 56 °C for 45 minutes, then int6 a water-
bath of 94 °C fér additional 10 minutes. After having been cooled to room tem-
perature the samples were ultra-centrifuged (13,500 rpm, 1 sec).

After isolation of the DNA, the product was amplified (Panaccio et al.,
1993). To carry out polymerase chain reaction (PCR), the kit of Applied Biosys-
tems StockMarks® developed fér horses was used.
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The total volume of PCR reaction compounds used in the analyses was 15
M by sample. Of this volume, 1 pl was a purified genomic DNA and 14 |[j| in-
cluded a solution prepared from StockMarks PCR buffer, dNTP Mix, primary
{nix, AmpliTag Gold® polymerase (Applied Biosystems, USA) and distilled wa-
er.

Reproduction of the DNA sequences being present in the samples was per-
formed by means of GeneAmp PCR System 9700 (Applied Biosystems, USA)
apparatus.

The PCR thermocycler program was as follows: 1 cycle at 95 °C fér 10
minutes, then 30 cycles at 95 °C for 30 sec, at 60 °C fér 30 sec and at 72 °C for
1 minute and 1 cycle at 72 °C for 60 minutes (Bozzini et al., 1997).

Subsequently, 11.5 pl DI formamide and 0.5 |j| GS500 Rox standard (Ap-
plied Biosystems, USA, 2001) were added to the PCR product. DNA denatura-
tion was carried out on a covered tray at 95 °C for 3 minutes, then the samples
were analysed with the ABI PRISM™ 310 Genetic Analyzer. Genotyper Soft-
ware (Applied Biosystems, USA, 2001) was used for the evaluation of analyses.

Statistical analysis

Statistical testing of the degree of differences and similarities was per-
formed by homogeneity examination. x2tests were used for the case number
tablesm(Prichner, 1983; Andersson, 1985). A test was performed fér somé al-
leles / factors, as well as fér the distributions of differences between lines. The
X -tests indicate the level of significance of the genetic “distance” of breeds
Moreover, the degree of similarity was expressed in an empirical, plainer per-

centage index number as the complementary of the Cramer-index (Cl) formed
from the % value.

RESULTS

Out of the factors of microsatellite VHL20 the alleles | L M and N were
present in Thoroughbred while alleles I, L, M, N, P and R in Trotter horses Al
leles L and M showed the most significant difference between the two breeds
Many times the allele frequency values of VHL20-L in Trotter horses exceeded
those present in Thoroughbreds (Table 2). For allele VHL20-M an inverse pat
tern was found in allele frequency, as the values found in Thoroughbred ex
ceeded many times the values measured in Trotter horses. Somé alleles found
in Trotter were n6t present in Thoroughbred. These were the alleles VHL20 P
and VHL20-R. The greatest similarity between the breeds was found in the fre
qguency of allele VHL20-N. A significant difference was found between the
breeds in the allele of microsatellite VHL20 (P<0.001; Table 3).

However, no significant difference was found in microsatelltes HTn*
HTG6, AHT5 and HMS2 (P>0.05). Nevertheless, among the alleles of the four

microsatellites mentioned above there were several significant differPnCOc
(P<0.001) between Thoroughbred and Trotter horses.
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Table 2.

DNA microsatellite allele frequency values in Thoroughbred and Trotter horses

-
w

Microsatellites (allele frequency values)(1)
VHL20 HTG4 AHT4 HMS7 AHT5 HMS6 HTG6 ASB2 HTG10 HTG7 HMS3 HMS2

AT
S
BT 0.1316
s
cT 0.0526
s
DT
s
ET
s
FT
s
GT 0.4342
s 0.5
HT 0.171 0.0395
S 0.12 0.05
| T 0.2763 0.0131 0.4079 0.5263
S 014 0.06 0.01 0.70 0.14
JT 0.2895 0.2237 0.2368 0.3816 0.0264 0.0658
S 021 0.06 0.5 0.47 0.16 0.05
KT 0.4474 0.079 0.25 0.1184 0.3553 0.1579 0.1053 0.2368
S 0.42 0.05 031 018 0.08 0.07 0.1
L T 0.0658 0.2368 0.1974 0.1054 0.1053 0.5263
S 033 022 0.51 0.09 0.12 0.59
M T 0.2632 0.2368 0.1447 0.1842 0.3026 0.0526 0.0921 0.2368 0.0921 0.1316
S 006 0.17 0.26 027 016 007 0.08 0.07
N T 0.3947 0.0264 0.1184 0.2632 0.2368 0.0789 0.4079 0.0526
S 036 014 001 038 0.28 001 0.09 0.18 0.22
0T 0.4474 0.3158 0.0658 0.1053 0.0526 0.0526 0.4868 0.1842
s 0.05 0.46 025 001 036 005 0.67 0.06
PT 0.0526 0.2368 0.1448
S 001 0 14 0.21 0.02 048 0.06
QT 0.1184
s 0.04 0.06
RT 0.0263 0.0921 0.0131
s o1 011 0.04 01 0.02
ST 0.0264
s
TT
s
uT
s

L: locus(2), B: breed(3), T: Thoroughbred(4), S: Trotter(5)

2. tblazat: DNS mikroszatellit allélfrekvencia értékek telivér és iget6 fajtadkban
Vizsgalt mikroszatellitek (allélfrekvencia értékek)(1), L: allélok(2), B: fajtak(3), T: angol telivér(4),
S: amerikai tgeto(5)
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Table 3.

Statistical comparison of breeds (n=110)

Micfotatelliles (x' walue Dér allclcn 11
VHL20 HTG4  AHT4 HMS' AHT5 HMS6 HTG6 ASB2 IHTG10IHTG7I HMS3 IHMS2

13.9
5.4
0.8
NS
0.9
NS N
5.04 25 0.8 15.1 30.3
NS NS e
15 102 21 14 8.4 0.2
NS NS NS NS
01 82 39 08 13 205 169 07 6.04
NS NS NS . NS '
178 0.07 18 0.1 0.09 0.7
NS NS NS NS
M 142 1.2 154 14 02 5.4 1.8 9.9 64 96 1.9
NS NS NS NS NS
0.2 6.8 0.8 151 0.06 264 08 0.7 1.2 9.6
NS NS NS NS NS
o 3.9 003 366 68 222 81 232 0006 59 2001 47
NS NS
0.8 5.4 11.6 0.2
NS * NS hg 2P
3.9 4.7
81 27 02 11 81 15
NS NS NS NS
2.7
NS
38.6%* 16.3ns 23.6** 81™* 9.9ns 44.2** 18.3ns 65.7*** 36+ 172 g3 18ns
Stat Sl: Sl: Sl: Sl: Sl: Sl: Sl: Sl: Sl: SE SI:
28%  49%  36% 10% 58% 25% 46% 15% 30% 47%  10% 26%
p<0 05 **p<0Q1 ***p<0 001. ! locus. Stat Compan»on o* breetis on (he hasis oi »m value be

tween distributions, Sl: similarity index(2)

3. tdblazat: A fajtak statisztikai 6sszehasonlitdsa (n=110)
vizsgalt mikroszatellitek (allélenkénti x2érték alapjan)(1), *P<0,05, **P<0,01, ***p<o 001 f all | k
Stat.: a fajtak 6sszehasonlitdsa megoszlasok kozotti * -érték alapjan, S: a hasonlésagi index(2)6 °



ALLATTENYESZTES ES TAKARMANYOZAS, 2006. 55. 4. 319

Five alleles (K, L, M, N, P) of microsatellite HTG4 were present in Thor-
oughbred and similarly five (K, L, M, N, O) in Trotter. The frequency value of
allele HTG4-P was 0.0526 in Thoroughbred and that of HTG4-0 was 0.05 in
Trotter. Allele HTG4 had the highest frequency value in both breeds. No signifi-
cant difference was found between the two breeds in the alleles of microsatellite
HTG4-K (P>0.05).

Alleles G, J, M, O and R of microsatellite HTG6 were present in Thor-
oughbred and G, I, J, N and O in Trotter. Representing a value above 0.45 fre-
quency, alleles HTG6-G and HTG6-J dominated in Trotter. Allele HTG6-G
showed the highest frequency value als6 in the Thoroughbred (0.45). The
greatest difference between the two breeds in allele frequency was found in
allele HTG6-0, which had a frequency of 0.1053 in Thoroughbred and 0.01 in
Trotter.

Five alleles (J, K, M, N, O) of microsatellite AHT5 were present in Thor-
oughbred and four (J, K, M, N) in Trotter. In the case of allele AHT5-0, a signifi-
cant difference was found between the two breeds studied. That allele had a
frequency of 0.0658 in Thoroughbred while it was nét present in Trotter. No
significant difference was found in the distribution of other alleles (P>0.05).

In microsatellite HMS2 alleles H, J, K, L, and M were present in Thor-
oughbred and H, J, K L M, R, O and P in Trotter. The allele frequency of
HMS2-0, HMS2-P and HMS2-R proved to be 0.06, 0.06 and 0.02, respectively,
in the Trotter. However, these alleles could n6t be detected in the Thor-
oughbred. Allele HMS2-L showed dominance in both breeds.

The allele of microsatellite AHT4 appeared in only one of the breeds tested.
While AHT4-K could be detected only in the Thoroughbred, AHT4-N and AHT4-
P were found only in Trotters. The greatest difference was shown in allele P,
where the allele frequency value of Thoroughbred was 0.00 while that of the
Trotter was 0.14. Allele AHT4-0 dominated in both breeds.

In microsatellite HMS7 five alleles (J, L, M, N, O) were present in Thor-
oughbred and four (J, K, L, N) in Trotter. The allele frequency value of HMS7-M
and HMS7-0 was 0.1447 and 0.3158, respectively, in the Thoroughbred, while
these alleles could nét be detected in the other breed tested. In the latter allele
a remarkable significant difference (P<0.001) was found between the two
breeds.

In microsatellite HMS6, allele HMS6-L showed the most considerable simi-
larity.

The frequency values of all alleles in microsatellite HMS3 differed signifi-
cantly (P<0.05, 0.01, 0.001) between the two breeds. Alleles I, M, N, O and P of
microsatellite HMS3 were present in Trotter and I, N, P Q and R in Thor-
oughbred horses. In Thoroughbred horses, the allele frequency values of
HMS3-M and HMS3-0 were 0.0921 and 0.1842, respectively. Of all the alleles
present in Thoroughbreds, allele HMS3-I had the highest frequency value.
However, in Trotters P was the dominant allele.

In microsatellite ASB2 the alleles B and C were detected only in the Thor-
oughbred and were nét present in Trotter horses. The greatest breed differ-
ences (P<0.001) were found in alleles ASB2-K and ASB2-0. Allele K was
dominant in Thoroughbred (0.3553) while O in Trotter horses (0.36).
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In microsatellite HTG10 seven alleles (I, K, L, M, O, R, S) were present in
Thoroughbred and six (I, L, M, O, P, R) in Trotter. Alléi¢ HTG10-l was found to
be dominant both in Thoroughbred (0.4079) and Trotter (0.7). In microsatellite
HTG10 somé alleles, present only in one of the breeds tested, could alsé be
detected. Alleles that were present only in one breed could alsé be found in this
microsatellite. Alleles K and S were found in the Thoroughbred while allele P in
Trotters.

Significant differences (P<0.01) were shown in the distribution of alleles of

microsatellite HTG7. Allele HTG7-0 was dominant in both breeds. Allele HTG7-
M could be found only in Trotters.

DISCUSSION

Compared to blood typing and analysis of biochemical polymorphisms used
in parentage control up to the present DNA markers, due to their extremely
large number and the more definite polymorphism of somé loci, can be used on
a higher level and more efficiently in numerous fields of animal breeding such
as analysis of the genetic structure of populations, test of homozygosity estima-
tion of the degree of inbreeding within populations, maintenance of autochtho-
nous populations (gene reserve), parentage control, estimation of genetic dis-
tance between populations and breeds, planning of Crossing programs (hetero-
sis breeding), and clarification of litigious matters regarding the unlawful appro-
pnation of ammals (Bowling et al., 1997; Luikart et al., 1999). It is n6t negligible
that the object of analysis (DNA) can be obtained from several tissues such as
blood, hair bulbs and semen (Ellegren etal., 1992; Bowling, 1996).

Based on the results of Trotter and Thoroughbred horses (two-two popula-
tions) tested in our trials, the genetic differences or similarities of breeds can be
dearly determined. In the case of breeds and populations in the evolution of
which other breeds were continuously and significantly involved the gene flow
can be followed by DNA tests. Of the two breeds studied in this work in the
Trotter this could be followed to the end, as the Thoroughbred, similarly tested
played a significant role in its evolution. As a consequence, the observed alléié
number was higher in the former breed.

In the case of microsatellite VHL20 the alleles |, L, M and N were present in
Thoroughbred and J, L, M, N, P and R in Trotter. Van Haeringen et al. (1994)
obtained the same result for the aforementioned two breeds. Ellegren et al
(1992) detected allele G from microsatellite HTG6 in both breeds The same
results were obtained in this research. The greatest differences were found in
microsatellites VHL20, HMS7, ASB2, HTG10, HMS3, AHT4 and HTG7 Observ-
ing the percentage distribution of the alleles of microsatellites, the incidence of
somé alleles was remarkably high. Several possibilities may be responsible for
producing these cases. The cause of this phenomenon may be associated with
the use of stallions.

It is characteristic of Hungarian horse breeding that only few stallions are
used for covering as compared to the number of horses in the given stock
However, this technology is nét adequate, because in this way the frequency of
alleles that can be found in the stallion himself will remarkably increase As a
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consequence, this involves the danger of inbreeding in the given stock. There is
the possibility to use a higher number of stallions; however, they have similar or
identical alleles. In this case the same problem arises as outlined above.

Of the microsatellite alleles of the Trotter and Thoroughbred stallions tested,
the approximately 70% allele frequency of HTG10-I in the Trotter stock was
indicative of the problems raised above. After having carefully examined the
covering book of the stallion, it became evident that the aforementioned re-
markable allele frequency was due to the small number of stallions used for
covering in the stock.

A remarkably high allele frequency value, such as the 35.53% frequency of
allele K of microsatellite ASB2, was alsé present in the Thoroughbred stock. In
this case the number of service stallions compared to the size of the stock was
more favourable, but the identical alleles of stallions could lead to the high allele
frequency values.

Compared to the total allele number of the microsatellites tested, a low
number of alleles can be observed both in Thoroughbred and Trotter in Hun-
gary. Microsatellite ASB2 proved to be an exception to this, presenting 9 alleles
in Thoroughbred and 7 alleles in Trotter out of the total of 12. Norwegian and
Korean research workers obtained similar results. In the case of Thoroughbred,
Bjornstad et al. (2000) als6 found 9 alleles, whereas Cho (2002) detected 10
alleles in the aforementioned microsatellite.

Considering the allele frequency values, there is a high similarity between
our results and those of the Koredn research team, despite of the significant
differences. The greatest similarities between the results of the two research
groups were found for the following alleles: VHL20-I, AHT4-J, HTG4-N, HMS3-I,
HMS3-P. However, in the case of alleles HTG4-L, AHT5-N, HMS3-P and ASB2-
R significant differences were observed. With the exception of microsatellite
AHT4, the number of alleles observed in the Korean Thoroughbred stock was
higher than the number found in the Hungérian stock {Cho, 2002).
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