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Introduction 
 
The grey coat colour in horse is a result of the progressive greying. The grey is born coloured 
as brown or black and greying is a loss of pigment in hair, although the skin remains 
pigmented. In older greys could be seen loss of pigment in skin on distal body parts called 
vitiligo. The Old Kladruber horse bred in Bohemia nearly 450 years as a coach horse for 
Imperial Court in Vienna is among those grey breeds like Lipizzan horse, Camargue horse 
etc. From genetic point of view grey shows an autosomal dominant inheritance – epistatic 
action of dominant GG allele. Grey horses are born coloured and progressively loss of 
pigment in hair is unfortunately associated with the possible development of melanoma 
(Seltenhammer et al. (2000)). The causative relationship for these traits is not known yet, but 
genetic influence is suggested (Rieder et al. (2000)). Jeglum (1999) found melanoma in 
horses older than 6 years regardless to sex, in grey horses older than 16 years melanoma 
incidence could be 60–70 % (Fleury et al. (2000); Seltenhammer et al. (2003)). Many reports 
have estimated that as many as 80% of older grey horses will develop dermal melanomas, 
with the majority of these being benign, although some of these histological benign dermal 
melanomas may eventually metastasize and thus should be considered potentially malignant. 
Papers published up to this time on occurrence of melanoma in grey horses deals mainly with 
Camargue horses (Fleury et al. (2000)), thorough study on melanoma in Lipizzan horse 
published Curik et. al. (2002) and Sölkner et al. (2004). 
 
Materials and methods 
 
The data collection was carried out in grey variety of Old Kladruber breed in stud Kladruby 
nad Labem, Benice stud and others. Data were collected after detailed inspecting and 
measuring 376 horses repeatedly during four consecutive years (1 to 4 observations per 
horse, total number of records used for statistical analysis was 702). The greying status was 
measured using Spectrophotometer Minolta 2500D. The coat color was measured on four 
parts (neck, shoulder, belly, croup) using L*a*b* colour system. To quantify the grey level, 
our analysis is related to the parameter L* only. The higher values L* the more grey is coat 
colour of a horse. Every value used is a mean of three consecutive measuring of the same 
place. Melanoma was detected visually and by palpation on every horse and classified using 
5 grade scale in accordance with Sölkner et al. (2004). To evaluate the possible relation of 
melanoma and depigmentation the occurrence of vitiligo (depigmented patches) was 
simultaneously assessed. Vitiligo was evaluated visually at typical parts peri-anal and anal 
region (vitiligo A) and the face (vitiligo F) and expressed in 3 grade scale according to 
Sölkner et al. (2004).  The same person was inspecting all horses.  
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In statistical analysis the GLM procedures of packet SAS were used. The influence of effects 
line, age, sex, parameter L, year of evaluation and stud on prevalence of melanoma was 
analyzed.  The following models were applied: 
 
Lijklm = μ + b1 AGEm + LINEl + SEXk + YEARj + STUDi + rep + a + eijklm 

MELANOMAijklm = μ + b1 AGEm + b2 AGEm
2 + LINEl + SEXk + YEARj + STUDi + rep 

+ a + eijklm 

VITILAijklm = μ + b1 AGEm + LINEl + SEXk + YEARj + STUDi + rep +  a + eijklm 

VITILFijklm = μ + b1 AGEm + LINEl + SEXk + YEARj + STUDi + rep +  a + eijklm 

where:  μ – overall mean 
b1 AGEm – fixed linear regression on age at evaluation (m = 1,2,…,21) 

 b2 AGEm
2 – fixed quadratic regression on age at evaluation (m = 1,2,…,21) 

 LINEl – fixed effect of the line (l = 1, 2, 3, 4, 5, 6) 
 SEXk – fixed effect of the sex (k = 1, 2) 
 YEARj – fixed effect of the evaluation year (j = 2005, 2006, 2007, 2008) 
 STUDi – fixed effect of the stud (i = 1, 2, 3, 4) 
 rep – random effect of the permanent environment of the individual horse 
 a – random effect of the individual horse 
 eijklm – random residual effect of the individual horse 
 
The phenotypic correlations were estimated with SAS package, procedure CORR. 
Heritabilities and genetic correlations were estimated using REML VCE 5 (Kovac et al. 
(2002)). 
 
Results and discussion 
 
The inspection of grey Old Kladruber horses of different age confirmed the incidence of 
melanoma. The global occurrence is about 16 %, which is substantially lower than 55 % in 
Lipizzans (Curik et al. (2002)) or Camargue horses (Fleury et al. (2000)). But overall 
incidence of melanoma in Kladruber greys at the age of 15 and older reached 68 % which is 
in agreement with literature results above mentioned. The occurrence and grade of melanoma 
is strictly progressive with the age of the horse (Figure 1). The first case of melanoma was 
detected at the age of 4, the highest grades were detected at the age of 20 and more. 
Nevertheless, we found in Kladruber population animals older 25 years of age without 
melanoma which is in agreement with Rieder et al. (2000) that greying process is not the 
only reason for melanoma development. This opinion is further supporting not significant 
influence of parameter L on melanoma prevalence in our study. The case of spontaneous 
regression of melanoma was not detected in 4 consecutive years. 
 
Analysis of possible influencing factors showed the statistical significance for effect line 
only which is suggesting the impact of heredity on melanoma prevalence. The highest 
significant frequency of melanoma showed line Favory-Generalissimus, than Rudolfo and 
Generale-Generalissimus, the lowest occurrence is in line Favory. Non significant action 
proved the effects sex, stud, year, and parameter L. 



The occurrence of vitiligo was studied for possible relation to melanoma (Rieder et al. 
(1999)). Relations between traits studied give significant phenotypic correlations (Table 2). 
Melanoma is positively correlated with vitiligo A which is signaling possibility of high 
occurrence of melanoma in horses with high level of vitiligo A. Surprising is the low relation 
between vitiligo A and vitiligo F. The head parts vitiligo could have a different system of 
depigmentation comparing with vitiligo A. Genetic correlations between traits studied (Table 
2) are in good agreement with results of Sölkner et al. (2004). Melanoma is uncorrelated to 
the level (speed) of greying characterized by L and vitiligo F, but good correlated to vitiligo 
A. Both types of vitiligo are good correlated with the speed of greying (L) – perhaps quickly 
greying animals are prone to depigmentation in skin too, this relation has not been studied 
yet. Heritability of melanoma grade is in our study lower due to all (including young) horses 
included in estimation, but is in a good agreement with Sölkner et al. (2004). Heritabilities of 
other traits in this study are also confirming the results of studies concerning greying of 
horses (Table 2). 
 
Table 1: Melanoma grade in lines  
 
 G G-Gss F-Gss F S R 

G 0.1734 
±0.0500 0.0870 0.1908* 0.0781 0.0438 0.1048 

G-Gss  0.2605 
±0.0473 0.1073 0.1652** 0.0433 0.0177 

F-Gss   0.3642 
±0.0728 0.2689** 0.1470* 0.0860 

F    0.0953 
±0.0450 0.1219* 0.1829* 

S     0.2172 
±0.0533 0.0610 

R      0.2782 
±0.0756 

Sire lines: G=Generale, G-Gss=Generale-Generalissimus, F-Gss=Favory-Generalissimus, 
F=Favory, S=Sacramoso, R=Rudolfo 

Mean values diagonal, differences between lines above the diagonal  
*significant difference, **highly significant difference 
 
Table 2: Estimated genetic parameters (h2, rP, rG) 
 
 L MELANOMA VITILA VITILF 
L 0.5182±0.0747 0.0247±0.2129 0.6727±0.1135 0.5332±0.1015 
MELANOMA 0.2947 0.0724±0.0384 0.3774±0.1485 0.0113±0.1620 
VITILA 0.3663 0.4060 0.2019±0.0534 0.5422±0.0763 
VITILF 0.3725 0.1710 0.3103 0.3459±0.0644 
Heritabilities on the diagonal, phenotypic correlations below and genetic correlations above 
the diagonal. 



 
Figure 1: Relation between the age and melanoma grade 
 
Conclusion  
This paper deals with process of greying and related traits in Old Kladruber Horse. The 
speed of greying was studied in 376 horses of both sexes at the age 1 – 25 years during 4 
consecutive years. The greying was measured with spectrophotometer (parameter L), 
occurrence of melanoma and vitiligo was detected by grading system. Using GLM model 
was examined the influence of effects line, age, sex, L, year of evaluation and stud on 
melanoma and related traits. The genetic parameters were estimated for melanoma, greying 
(L) and vitiligo. The greying is strictly influenced by age and line, h2=0.52. Prevalence of 
melanoma is progressive with the age, with very low h2=0.07. Vitiligo of both facial and anal 
parts are influenced by traits studied, h2=0.2 for vitiligo A and 0.34 for vitiligo F 
respectively. The genetic correlations showed significant relation between melanoma and 
vitiligo A while melanoma is uncorrelated with greying and vitiligo F. 
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