
Genetic characterization of a breed is important to
protect breed integrity and to conserve breed iden-
tity. It is also a prerequisite for managing genetic

resources (Bjørnstad and Røed 2002). As the cost

of DNA sequencing has decreased, sequence com-

parison using markers dispersed throughout the

genome is a practical option for characterizing the

degree to which genetic material is stratified in the
population (Gibson and Muse 2004).

Some classification methods (based on knowl-
edge of class) and discrimination methods (class
unknown) can analyse highly polymorphic geno-
type data (Pritchard et al. 2000). These methods
are based on a probability of assignment to clus-
ters or classes. Therefore, they can also be useful
for visualization of genetic make-up. The preci-
sion of classification, or other quality-of-fit mea-
sures at the population level, can be used as a
measure of genetic distance.

To characterize the genetic structure of 8 horse
populations in the Czech and Slovak Republics,

we used 17 microsatellite markers recommended
by the International Society of Animal Genetics
for parentage testing: AHT4, AHT5, ASB2,
HMS3, HMS6, HMS7, HTG4, HTG10, VHL20,
HTG6, HMS2, HTG7, ASB17, ASB23, CA425,
HMS1, LEX3. Missing alleles were not included
in calculations.

Hair, blood, and sperm samples were collected
from 932 unrelated individuals of 8 breeds from
various locations, studs, and horse stables in the
Czech and Slovak Republics according to the de-
scription: warmblood horses of Eastern/Oriental
origin, i.e. Czech Warmblood (CW, 234 individu-
als), Slovak Warmblood originating from the
Czech Republic (SW, 234 individuals), Slovak
Warmblood originating from Slovakia (SWSR, 96
individuals); Furioso (FUR, 37 individuals);
Hucul (HUC, 124 individuals); and coldblood
horses of Western origin: Hafling (HFLG, 105 in-
dividuals), Noriker (NOR, 44 individuals),
Silesian Noriker (SLN, 22 individuals), and Bohe-
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mian-Moravian Belgian Horse (BMBH, 36 indi-
viduals). Genomic DNA was isolated using the
JETQUICK Tissue DNA Spin Kit and
JETQUICK Blood&Cell Culture DNA Spin Kit
(Genomed GmbH, Germany), by following the
Protocol Handbook. Determination of
microsatellites was performed using the PCR re-
action with a 17-plex horse genotyping kit de-
signed by Applied Biosystems StockMarks®
(Applied Biosystems, Foster City, CA, USA). The
genotyping of microsatellite markers was per-
formed on ABI PRISM 310 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA) by
fluorescent fragment analysis and detected by
software GeneScan® 3.7 NT. Alleles were as-
signed by GENOTYPER® 3.7 NT. Six classifica-
tions methods from WEKA 3-4-6 software
(Witten et al. 1999) were used: Naive Bayes,
Bayes Net (probabilistic classification algo-
rithms); IB1, IB5 (instance-based machine learn-
ing algorithms), as well as J48 and JRip (decision
trees and rules algorithms). Ten-fold cross valida-
tion was used to derive classification performance
of each method.

Table 1 shows classification performance pa-
rameters described as percentage of correctly and
incorrectly classified animals, Kappa statistics of
model, data agreement, and errors of classification
(Witten et al. 1999). All these methods provide

a probabilistic prediction of breed classification
for each individual (Glowatzki-Mullis et al. 2006).
Figure 1 presents the proportions of predicted
class memberships. Each individual corresponds
to one thin vertical line, divided into coloured seg-
ments representing a horse breed.

The main goal of these classification methods
is to build robust models that can separate in-
stances to their own (known) classes with good
classification performance. The classifiers Naive
Bayes, Bayes Net, and IB1 classified individuals
to their actual breed with the highest accuracy (av-
erage percentage of correctly classified instances
~87.8%, Kappa statistics ~0.85). Also, calculated
error measures show that this group of classifiers
has good performance (Table 1). The average per-
centage of incorrectly classified instances was
12%; ~14.6% in warmblood breeds and ~4.8% in
coldblood breeds using the Naive Bayes, Bayes
Net and IB1 classifiers. The classifiers IB5, JRip,
and J48, with the lower average percentage of cor-
rectly classified instances (~63.0%, Kappa statis-
tics ~0.55), have not assigned individuals
correctly into the defined breeds. The average per-
centage of incorrectly classified instances was
then 36%: ~37.6% in warmblood and ~28.8% in
coldblood breeds.

The Czech Warmblood and Slovak
Warmblood have high admixtures of misclassified
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Table 1. Performance of the tested classification methods (10-fold cross validation) on a microsatellite dataset for
932 individuals representing 8 horse breeds.

Classifier Correctly clas-
sified in-

stances (%)

Incorrectly
classified in-
stances (%)

Kappa statis-
tics

Mean absolute
error

Root mean
squared error

Relative abso-
lute error (%)

Root relative
squared error

(%)

Naive Bayes 87 13 0.84 0.04 0.15 22.27 48.23

Bayes Net 88 12 0.86 0.03 0.14 18.39 45.43

IB1 87 13 0.84 0.04 0.15 22.27 48.23

IB5 65 35 0.56 0.11 0.23 58.96 74.6

J48 59 41 0.51 0.11 0.24 60.63 80.53

JRip 67 33 0.59 0.08 0.20 45.87 67.75

Figure 1. Probability graph of the IB1 classifier for 932 horses of 8 breeds: Czech Warmblood (CW), Slovak Warmblood
from the Czech Republic (SW) and from Slovakia (SWSR), Furioso (FUR), Hucul (HUC), Hafling (HFLG), Noriker

(NOR), Silesian Noriker (SLN), and Bohemian-Moravian Belgian Horse (BMBH).



instances (influence of CW on SW, and of SW on
CW) (Figure 1). This could be also observed for
other classifiers used in this work (not shown).
There is strong exchange within and between
these 2 breeds in recent years and no clear distinc-
tion between populations, although they have sep-
arate studbooks. Concerning these 2 populations,
there should be greater effort in selection, efficient
breeding strategies, and in monitoring genetic ex-
change. Hucul and Hafling are the most correctly
assigned to pre-defined breed. The Hucul
studbook is considered closed, and pure breeding
is used strictly. Any influences from other breeds
should be prohibited to protect the gene pool of
this original primitive breed.
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