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ABSTRACT
Polymorphic blood image of the horses was used to determine genetic distances between groups of horses of different colour.
The study covered 1247 half–bred horses, for which the polymorphism of albumin (Al), transferrin (Tf), alkaline esterase
(EspH 8.5), vitamin D binding protein (Gc) and Xk protein were determined. The analysis of genetic distance demonstrated
that the studied groups of horses were considerably genetically separated depending on the colour. This allows concluding
that there is an association between genetic polymorphism of some blood proteins and the coat colour of horses.
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INTRODUCTION
At present, genetic distance provides the most comprehensive information, which can be obtained from the
frequencies of all marker genes and which illustrates the magnitude of genetic difference between two
populations [6].
Blood protein polymorphism allows us to characterise each population and to determine genetic distance
between particular breeds, as well as between various lines of the same breed [2].
The aim of this study was to determine genetic distance between groups of half–bred horses of different coat
colour, basing on the polymorphism of selected blood proteins.
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MATERIALS AND METHODS
The study covered 1247 half–bred horses reared in the following stud farms: Bielin (176 individuals),
Dobrzyniewo (23 individuals), Harenda (18 individuals), Janów Podlaski (118 LQGLYLGXDOV  0LFKDáyZ 
individuals), Nowielice (247 individuals), Panków (18 individuals), Racot (238 individuals), horse training
FHQWUH%LDá\%yU individuals), Kwidzyn (151 individuals), and Sopot (123 individuals).
The examined horses represented the following coat colours: chestnut (202 individuals), bay (752 individuals),
black (63 individuals), grey (104 individuals), tobiano (62 individuals), and leopard (64 horses).
As the coat colour does not represent a selection criterion in half–bred horses breeding, the horses were not
grouped according to their breed.
The blood was collected from external jugular vein. Polymorphism of the following blood proteins was
determined in blood serum: albumin (Al), transferrin (Tf), alkaline esterase (EspH 8.5), vitamin D binding
protein (Gc), and Xk protein (Xk). The separation of the proteins was carried out with polyacrylamide gel
electrophoresis (PAGE) according to Juneja [1].
Polymorphic blood image of the examined horses was used in order to compute the distances between particular
groups of different coat colours. The following were calculated within the distance analysis:
•
•

coefficient of average heterozygosity and coefficient of average homozygosity [5]
coefficient of average genetic identity and genetic distance according to Nei [3].

Genetic distance was presented on dendrograms computed with the following methods:
•
•
•

SLM (single linkage method),
CLM (complete linkage method),
UPGMA (unweighted pair group method).
RESULTS AND DISCUSSION

The genetic distance was worked out in order to get more comprehensive information about the differences that
occur between half–bred horses of different coat colour. The degree of genetic consolidation has been expressed
with the coefficients of average heterozygosity and average homozygosity (Table 1).

Table 1. Coefficients of average heterozygosity and average homozygosity in the analysed populations of half-bred
horses in relation to their coat colour
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Genetic similarity between the horses of different coat colour is described with the coefficient of average genetic
identity (Table 2).

Table 2. Coefficients of average genetic identity in the analysed populations of half-bred horses in relation to their
coat colour
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Genetic distance acquired its values according to the rule that the higher was the similarity, the lower was the
distance (Table 3).
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Table 3. Genetic distance in the analysed populations of half-bred horses in relation to their coat colour
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The following dendrograms are a graphical representation of the observed genetic distances between the half–
bred horses of different colour:
•
•
•

single linkage method (SLM) – Figure 1,
complete linkage method (CLM) – Figure 2,
unweighted pair group method (UPGMA) – Figure 3.

Fig. 1. Dendrogram – single linkage method – SLM R = 0.8806

Fig. 2. Dendrogram – complete linkage method – CLM R = 0.8806
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Fig. 3. Dendrogram – unweighted pair group method – UPGMA R = 0.8806

The genetic differences between the differently coloured half–bred horses demonstrated that the strongest
genetic consolidation was found in tobiano horses. These horses had the lowest coefficient of heterozygosity
(0.2935), thus the highest coefficient of homozygosity (3.5323). The lowest degree of consolidation was
observed in the leopard horses (respectively 0.3688 and 3.1563).
The analysis of genetic distance between the studied populations of horses demonstrated their considerable
genetic distance depending on their coat colour. The lowest distance was found between the horses of basic
colours – chestnut and bay (0.00096), bay and black (0.00113), and chestnut and black (0.00189), which may
result from the mechanism of the colour heredity. Longer genetic distance was found between these horses and
the horses with grey colour. The grey colour always appears over the given basic colour, and its manifestation is
determined by the epistatic gene G at locus G. Similarly inherited are the genes that are responsible for the
tobiano colour – To and leopard – Lp. The rules of the colour heredity, by some authors called “white coat
patterns” [4], should suggest stronger genetic similarity of so coloured horses. tobiano and leopard horses were
characterised, however, by manyfold longer genetic distance in comparison with the remaining horses, at the
same time being the most different from each other (0.06820).
This may demonstrate stronger genetic separateness of the tobiano and the leopard horses from the chestnut, bay,
black, and grey, as well as the piebald from the dappled.
CONCLUSIONS
The results demonstrated that both the tobiano and leopard horses belong to two distinct groups of horses, and
the individuals of each of the groups differ genetically from the remaining horses of different coat colour. This
allows presuming that a relationship exists between genetic polymorphism of some blood proteins and the kind
of the horse coat colour.
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