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INTRODUCTION 
Changes of coat colour in which the "dark (non-grey)" colour present in foals is progressively 
replaced by grey is a known phenomenon in horses. A similar process is present in humans. 
The grey coat colour is inherited as a dominant trait and is the characteristic, although not 
exclusive, colour for some horse breeds (Bowling, 2000). The Lipizzan horse, originally bred 
for show and parade at the Imperial Court in Vienna, is among those breeds. Unfortunately, 
melanomas (skin tumours) are more prevalent in grey than in non-grey horses (e.g. 
Seltenhammer, 2000). The causative relationship for this positive association as well as the 
molecular basis for both traits (melanoma and grey level) are not known (Rieder, 1999 ; 
Seltenhammer, 2000). The inheritance of coat colour in horses has been always studied from a 
qualitative view (Sponenberg, 1996 ; Bowling, 2000). In the present study we quantified the 
grey level (shade) and estimated the proportion of additive genetic component (heritability in 
the narrow sense) of this trait. Further, we estimated the genetic relationship between 
melanoma stages and grey level as well as the additive inheritance of melanoma stages. 
 
MATERIAL AND METHODS 
Horses. Data for this study was collected from 351 grey Lipizzan horses of four national studs 
(Djakovo – Croatia ; 64 horses, Piber – Austria ; 160 horses, Szilvesvarad – Hungary ; 67 
horses and Topol'cianky – Slovakia ; 60 horses). 
 
Clinical melanoma detection. Melanomas were detected by adspection and palpation. In 
relation to their clinical picture, patients were classified according to a modified classification 
system (allowing for the intermediate marks, 0.0, 0.5 ... 4.5, 5.0) by Desser et al. (1980), see 
table 1. Examination by adspection included sites where melanomas typically occur, such as 
the peri-anal and anal region, the perineal region, udder, and praeputium. The tail was bent 
upwards in order to discover even the smallest, plaque-like lesions. Lips and eyelids, but also 
parotis, peri-ocular region and ears were equally examined. Finally, the whole integument was 
checked for potential tumours. 
 
Grey level. To deduce the grey level, coat colour was measured on four places (neck, shoulder, 
belly and croup) for each horse with a Minolta Chromameter CR210 using the CIE L*a*b* 
colour system. In this system the colour is quantified according to 3 axes: white-black (L*), 
red-green (a*) and yellow-blue (b*). As our intention was to quantify the grey level, this 
analysis was related only to the parameter L* (higer L* values correspond to a more "white" - 
grey coat colour). Thus, for each horse the grey level was determined as mean L* value taken 
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over the four measurements. The CIE L*a*b* system has already been applied in human 
studies related to the tanning of skin (Adhoute et al., 1994) as well as in meat science for 
determination of the meat colour (Hopkins and Fogarty, 1998). To our knowledge, the method 
was not yet applied for the quantitative determination of the coat colour in animals. 
 
Table 1. Clinical classification and incidence of melanoma in grey horses 
 

Grade Description 
0 Free of melanoma. 
1 Early stages of plaque-type or one solitary nodule of 0.5 cm 

diameter situated on typical locations. 
2 Several nodules of 0.5 cm diameter or one solitary nodus of 2 cm 

diameter on typical locations. 
3 One or several nodular melanomas of 5 cm diameter intra- and/or 

subcutan on typical locations (or lips). 
4 Extensive confluent melanoma, covered with skin, signs of 

destruction (necrosis, ulceration) and metastasis. 
5 Exophytic growth of tumours, which show wet surface and 

ulceration, metastasis into different organs accompanied by 
paraneoplastic syndromes (cachexia, fever, metabolic disorders). 

 
Genetic parameter estimation. Heritabilities and genetic correlation were estimated with the 
REML VCE package Version 4.2.5., which optimises the log likelihood by analytical gradients 
for covariance matrices of different sizes (Groeneveld, 1998). Standard errors of the genetic 
parameters were estimated from the inverse of the approximation of the Hessian matrix when 
convergence was reached. The data were analysed following a bivariate mixed linear model 
including stud (Djakovo, Piber, Szilvesvarad and Topol'cianky) and age at measurements (16 
age classes with approximately equal frequencies of horses : 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15-16, 17-18, 19-20, older than 20 years) as fixed effects, and animal and residual as 
random effects : 
 
Yijkl = STUDi + AGEj + animalk + eijkl 
 
The corresponding pedigree file consisted of 4053 horses in which most of the founding horses 
were born in 18th and early 19th centuries. 
 
RESULTS AND DISCUSSION 
The summary statistics for melanoma status and grey level based on measurements taken from 
351 Lipizzan horses are shown in table 2. As in some other predominantly grey breeds, for 
example the Camargue horse (Fleury et al., 2000), a high percentage, i.e. 55.4 % of all horses, 
87.5 % of horses older than 15 years was diagnosed with some stage of melanoma. Only 10.7% 
of the horses were classified with melanoma status three and higher, and not a single horse was 
classified with status five. The grey level was also strongly dependent on age class, especially 
for horses that were younger then nine years (table 2). 
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Table 2. Summary statistics for melanoma status and grey level (L) depending on age at 
measurement 
 

Age at measurement Melanoma status Grey level (L) 
(years) Average StdA Average Std 

3 0.27 0.54 42.63 13.35 
5 0.93 0.91 57.92 15.34 
7 0.53 0.86 68.29 10.36 
9 1.09 1.04 73.95 4.51 

11 1.10 1.01 73.16 4.92 
13 1.54 1.14 72.94 6.06 

15 and 16 1.78 1.10 72.83 6.23 
> 20 2.23 1.04 76.43 4.11 

AStd = standard deviation. 
 
Estimates of genetic parameters (heritabilities and genetic correlation) for melanoma status and 
grey level (L) are shown in table 3. The heritability estimate for melanoma status was 
somewhat lower than the estimate of 0.36 obtained in Seltenhammer et al. (2002) on a similar 
data set (clinical melanoma detection in this study was independent from our previous study 
based on 296 horses).  
 
Table 3. Estimates of genetic parameters for melanoma and grey level (351 horses)A 
 

Trait Melanoma status Grey level (L) 
Melanoma status 0.24 ± 0.11 0.46 ± 0.25 

Grey level (L)  0.46 ± 0.09 
ANarrow sense heritabilities (± s.e.) on the diagonal and genetic correlation (± s.e.) above the diagonal. 
 
A high heritability estimate was obtained for the grey level (L), indicating a large additive 
genetic component within grey Lipizzan horses. The difference in the grey level (L) between 
horses that are homozygous (GG) and horses that are heterozygous (Gg) for the grey locus is 
still not known (Sponenberg, 1996). As the grey locus is still undetermined and could therefore 
not included in the model, we do not know to what extent the obtained heritability estimate is 
influenced by the grey locus in comparison to the effects of additive polygenic or oligogenic 
components. The phenotypic coefficient of correlation between melanoma status and grey level 
(L), with correction for the effect of age at measurement, of 0.18 was significant (P < 0.001). 
The estimated genetic correlation was much higher but with a very large standard error (0.25). 
 
CONCLUSION 
The estimates of heritabilities obtained in this study indicate a polygenic nature of the 
melanoma and grey level (L) inheritance. A relatively high positive genetic correlation 
between melanoma and grey level is supporting the hypothesis that melanoma incidence is, on 
the genetic level, associated with the greying of the coat. Thus, selection for horses greying 
earlier in life would lead to a higher incidence of melanoma. However, although the number of 
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horses analysed exceeded previous studies by far, the obtained estimates need to be verified on 
a larger sample. Collection of data from state studs of other countries is under way. 
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