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Abstract 

The aim of this study was to find out the influence of the genomic data on the 
showjumping horses performance evaluation for the purpose of genetic evaluation 
and subsequent estimation of breeding values of sport horses in Slovakia. For the 
evaluation of showjumping performance data of Global Champions Tour (season 
2012) was used. The 4,729 individual competitions were recorded. The fourteen 
SNPs (single nucleotide polymorphisms) linked with showjumping performance were 
used for the simulation analyse. To explain the variability of horses ranking we used 
some different models. In the first model without SNP effect we are able to describe 
53 % of performance (coefficient of determination R2 was 0.53). In linear model with 
some effects in form of quadratic regression we obtained R2 0.60. Highest R2 0.61 we 
obtained in the third model where one SNP effect was taken into account. Coefficient 
of determination R2 = 0.63 we obtained in the model where we used fourteen 
simulated SNP effects. It is possible to use simulated SNP data for evaluation of 
performance of showjumping horses. We observed increase of R2 in dependence on 
number of involved SNPs in the model. In case of fourteen simulated SNP effects 
used in the linear model, increase of R2 was 0.03 compared to the model without 
SNP effect. 

Keywords: genomics, horses, showjumping performance, SNP 

 

Abstrakt 

Cieľom štúdie bolo zistiť vplyv genomických dát na hodnotenie výkonnosti 
parkúrových koní za účelom genetického zhodnotenia s následným odhadom 
plemenných hodnôt. Pre posúdenie výkonnosti parkúrových koní sme použili údaje 
zo súťaže Global Champions Tour (sezóna 2012). Zaznamenaných bolo 4 729 
individuálnych súťaží. Simulovaných bolo 14 SNP, ktoré sú asociované 
s výkonnosťou parkúrových koní. Na vysvetlenie výkonnosti koní sme použili viacero 
lineárnych modelov, pričom sme hodnotili znak umiestnenie koní v súťažiach. 
V prvom modeli, v ktorom sme nezohľadnili SNP efekt, sme zistili koeficient 
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determinácie R2 0,53. V modeli, kde boli niektoré efekty vo forme kvadratickej 
regresie R2 bol 0,60. Vyšší R2 sme zistili v treťom modeli, kde sme zohľadnili aj jeden 
SNP efekt. V prípade použitia 14 SNP efektov, koeficient determinácie R2 bol 0,63. 
SNP dáta je možné použiť pri odhade výkonnosti parkúrových koní. Zaznamenali 
sme zvýšenie R2 v závislosti od množstva zapojených SNP efektov v modeli. 
V prípade zapojenia 14 SNP efektov v lineárnom modeli R2 bol vyšší o 0,03 
v porovnaní s lineárnym modelom bez zohľadnenia SNP efektu.  

Kľúčové slová: genomika, kone, parkúrové skákanie, SNP 

 

Detailed abstract in native language 

Cieľom štúdie bolo zistiť vplyv genomických dát na hodnotenie výkonnosti 
parkúrových koní za účelom genetického hodnotenia s následným odhadom 
plemenných hodnôt. Pre posúdenie výkonnosti parkúrových koní sme použili údaje 
zo súťaže Global Champions Tour (sezóna 2012). Výška parkúru pri hodnotených 
súťažiach bola 110, 115, 120, 125, 130, 135, 140, 145, 150, 155 a 160 centimetrov 
(CSI1*, CSI2*, CSI5* and Special Invitational). Zaznamenaných bolo 4 729 
individuálnych súťaží. Vek hodnotených koní (1 021) bol od 6 rokov do 20 rokov. 
Z hodnotenia sme vylúčili tie kone, ktoré boli diskvalifikované, nemali zaznamenaný 
čas alebo zisk trestných bodov v súťaži. Simulovaných bolo 14 SNP, ktoré sú 
asociované s výkonnosťou parkúrových koní. Na vysvetlenie výkonnosti koní sme 
použili viacero lineárnych modelov, pričom sme hodnotili znak umiestnenie koní 
v súťažiach. V prvom modeli, v ktorom sme nezohľadnili SNP efekt, sme zistili 
koeficient determinácie R2 0,53. Všetky použité efekty boli vysoko štatisticky 
preukazné okrem efektu súťaž. V modeli, kde boli niektoré efekty vo forme 
kvadratickej regresie (vek, zisk trestných bodov, čas)  R2 bol 0,60. Všetky efekty boli 
vysoko štatisticky preukazné okrem efektu vek vo forme kvadratickej regresie. Vyšší 
R2 sme zistili v treťom modeli, kde sme zohľadnili aj jeden SNP efekt. Všetky efekty 
boli vysoko štatisticky preukazné okrem efektu vek vo forme kvadratickej regresie, 
SNP efekt nebol štatisticky preukazný. V prípade použitia 14 SNP efektov, koeficient 
determinácie R2 bol 0,63. Efekt vek vo forme kvadratickej regresie a SNP 11 efekt 
neboli štatisticky preukazné. Všetky ostatné efekty boli vysoko štatisticky preukazné 
alebo štatisticky preukazné. SNP dáta je možné použiť pri odhade výkonnosti 
parkúrových koní. Zaznamenali sme zvýšenie R2 v závislosti od množstva 
zapojených SNP efektov v modeli. V prípade zapojenia 14 SNP efektov v lineárnom 
modeli R2 bol vyšší o 0,03 v porovnaní s lineárnym modelom bez zohľadnenia SNP 
efektu. 

Kľúčové slová: genomika, kone, parkúrové skákanie, SNP 

Introduction 

Plant and animal breeding programs are being transformed by the use of genomic 
data, which is becoming widely available and cost-effective to predict genetic merit. A 
large number of genomic prediction studies have been published using both 
simulated and real data (Daetwyler, et al., 2013). The availability of many thousands 
of singlenucleotide polymorphisms (SNPs) spread across the genome for different 
livestock species opens up possibilities to include genomewide marker information in 
prediction of total breeding values, to perform genomic selection (Calus, et al., 2008). 
Genomic selection can increase the rates of genetic gain through increased accuracy 
of estimated breeding values, reduction of generation intervals, and better utilization 
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of available genetic resources through genome-guided mate selection (Sonesson, et 
al., 2010; Schierenbeck, et al., 2011). Simulation of genomic data is useful because it 
allows rapid replicated testing of a wide range of hypotheses at low cost, for 
example, the initial feasibility of genomic selection or impact of reference population 
size. Simulated data allows the researcher to explore important aspects such as the 
genetic architecture of the traits, number of markers used for analysis, degree of 
relatedness between the training and prediction population, and offers the possibility 
of evaluating some sources of variability, such as drift, which cannot be assessed 
with real data. Simulation of genomic data to the evaluation of animal performance 
and to the evaluation of breeding values has become widely used in some livestock 
industries mainly dairy cattle and pig improvement programs (Clark, et al., 2012). The 
aim of this study was to find out the influence of the genomic data on the 
showjumping horses performance evaluation for the purpose of genetic evaluation 
and subsequent estimation of breeding values of sport horses in Slovakia.  

 

Material and Methods 

For the evaluation of showjumping performance data of Global Champions Tour 
(season 2012) was used. Competitions were performed in twelve places in Europe 
and in Middle East. We used data from following levels of competition: 110, 115, 120, 
125, 130, 135, 140, 145, 150, 155 and 160 centimeter (CSI1*, CSI2*, CSI5* and 
Special Invitational). The 4,729 individual competitions were recorded. The age of 
involved horses (1,021 horses) was from 6 to 20 years. From evaluation we excluded 
those horses, which were disqualified, had not recorded profit penalties or time from 
competitions. The simulation of single nucleotide polymorphisms (SNPs) was 
performed by SNP_SIM program. It is a simple simulator of SNP genotypes and 
phenotypes developed by Misztal (2009). The fourteen SNPs linked with 
showjumping performance (Gu, et al., 2009; Hill, et al., 2010; Schröder, 2010; 
Trakovická, et al., 2012) were used for the simulation analyse. Basic statistical 
analyses were performed in the program packages SAS (THE SAS SYSTEM V 9. 
2.). We used the GLM procedure, the RANK procedure in SAS 9. 2. for further 
detailed analyses. Input data was not normally distributed. We practised 
transformation to the normally distributed variable ranking of horses by Blom score 
(height of obstacles and SNP effect taken into account). Model equations used to the 
estimation of the relationship between the factors and the ranking of horses:  

Model 1 (without SNP effect)  

Yijklmno = µ + Bi + Pj + Ck + Al + PPm + Tn + eijklmno  

 

Model 2 (without SNP effect – effects age, penalty points and time in form of 
quadratic regression) 

Yijklmno = µ + Bi + Pj + Ck + b(age)ijkl + c(points)ijklm + d(time)ijklmn + eijklmno  

 

Model 3 (with SNP effect, effect age, penalty points and time in form of quadratic 
regression) 

Yijklmnop = µ + Bi + Pj + Ck +SNPl + b(age)ijklm + c(points)ijklmn + d(time)ijklmno + eijklmnop  
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where: Y dependent variable ranking of horses; µ mean value; Bi fixed effect of 
breed; Pj fixed effect place of race; Ck fixed effect of competition; Al fixed effect of 
age; PPm fixed effect of penalty points; Tn fixed effect of time; SNPl  is the effect of 
the simulated single nucleotide polymorphism (different count of used SNP); b(age) 
effect age in form of quadratic regression; c(points) effect penalty points in form of 
quadratic regression; d (time) effect time in form of quadratic regression; e random 
error related with observation Y.  

 

Results and discussion 

Sport horses are evaluated for their performing ability, or more specifically, their 
ability to win competitions. These traits are partly inherited from their parents and 
partly due to nutrition (Gálik, et al., 2011; Gálik, et al., 2012), training and other non-
genetic factors. In animal breeding, these are referred to as "genetic" and 
"environmental" factors respectively. To explain the variability of horses ranking we 
used some different models. In the first model without SNP effect we are able to 
describe 53 % of performance (coefficient of determination R2 was 0.53). All used 
fixed effects were high statistically significant, except the effect competition (Table 1).  

 

Table 1. Linear model without SNP effect 
Tabuľka 1. Lineárny model bez SNP efektu 
 

R2 0.53     

Source F Value Pr  

Breed 3.73 0.0001*** 

Place of race 20.61 0.0001*** 

Competition  4.80 0.0025** 

Age 13.06 0.0003*** 

Penalty Points 3013.97 0.0001*** 

Time 161.18 0.0001*** 
*P < 0.05, **P < 0.01, ***P < 0.001 

 
In the case of using of linear model with some effects in form of quadratic regression 
(age, penalty points and time) we obtained coefficient of determination 0.60. All 
effects were high statistical significant in this model, except effect age in form of 
quadratic regression (Table 2).  
 
Table 2. Linear model without SNP effect, some effects in form of quadratic 
regression 
Tabuľka 2. Lineárny model bez SNP efektu, niektoré efekty vo forme kvadratickej 
regresie 
 
R2 0.60     

Source F Value Pr  

Breed 4.38 0.0001*** 

Place of race 24.18 0.0001*** 

Competition  5.63 0.0008*** 

Age 15.33 0.0001*** 
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Age*Age 9.78 0.0018** 

Penalty Points 3548.37 0.0001*** 

Penalty Points*Penalty Points 574.17 0.0001*** 

Time 115.86 0.0001*** 

Time*Time 25.87 0.0001*** 
*P < 0.05, **P < 0.01, ***P < 0.001 

 

Highest coefficient of determination R2 = 0.61 we obtained in the third model where 
one SNP effect was taken into account. This SNP effect was the most statistical 
significant to the variable ranking of horses. All used effects were high statistical 
significant, except effect age in form of quadratic regression and the SNP effect was 
not statistical significant (Table 3).  

 

Table 3. Linear model with one simulated SNP effect 
Tabuľka 3. Lineárny model s jedným simulovaným SNP efektom 
 

R2 0.61    

Source F Value Pr  

Breed 4.42 0.0001*** 

Place of race 24.41 0.0001*** 

Competition  5.68 0.0007*** 

SNP 0.23 0.8783 

Age 15.39 0.0001*** 

Age*Age 9.74 0.0018** 

Penalty Points 3605.03 0.0001*** 

Penalty Points*Penalty Points 585.91 0.0001*** 

Time 117.86 0.0001*** 

Time*Time 27.22 0.0001*** 
*P < 0.05, **P < 0.01, ***P < 0.001 

 

Highest coefficient of determination R2 = 0.63 we obtained in the model where we 
used fourteen simulated SNP effects (Table 4). Effect age of horses in form of 
quadratic regression and SNP11 effect were not statistical significant. All other 
effects were high statistical significant or statistical significant.  

 

Table 4. Linear model with fourteen simulated SNP effects, some effects in form of 
quadratic regression 
Tabuľka 4. Lineárny model so štrnástimi simulovanými SNP efektami, niektoré efekty 
vo forme kvadratickej regresie 
 

R2 0.63     
Source F Value Pr  

Breed 4.77 0.0001*** 

Place of race 25.95 0.0001*** 

Competition  6.23 0.0003*** 
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SNP1 39.36 0.0001*** 

SNP2 33.59 0.0001*** 

SNP3 20.45 0.0001*** 

SNP4 16.37 0.0001*** 

SNP5 13.11 0.0001*** 

SNP6 5.36 0.0011** 

SNP7 16.33 0.0001*** 

SNP8 13.72 0.0001*** 

SNP9 4.69 0.0029* 

SNP10 5.83 0.0006*** 

SNP11 1.20 0.3078 

SNP12 3.07 0.0267* 

SNP13 2.76 0.0407* 

SNP14 2.87 0.0353* 

Age 7.68 0.0056*** 

Age*Age 3.41 0.0648 

Penalty Points 3455.33 0.0001*** 

Penalty Points*Penalty Points 587.72 0.0001*** 

Time 100.91 0.0001*** 

Time*Time 27.92 0.0001*** 
*P < 0.05, **P < 0.01, ***P < 0.001 

 

It is possible to use simulated SNP data for evaluation of performance of 
showjumping horses. In our work we used only fourteen simulated SNP effects in the 
evaluation. We observed increase of coefficient of determination in dependence on 
number of involved SNPs in the model. In case of fourteen simulated SNP effects 
used in the linear model, increase of coefficient of determination was 0.03 compared 
to the model without SNP effect. This value is not high. It is possible to obtain 
increase of coefficient of determination and more accurately estimating of breeding 
values involving more SNPs to the evaluation. Using a new SNP chip (Equine 
SNP50), which includes 54,602 SNP markers distributed among the whole equine 
genome, other genome-wide scan projects are ongoing to detect SNP markers of 
showjumping and endurance race ability (Barrey, 2010). The genomic selection 
based on single nucleotide polymorphism allows us to select juvenile animal in a 
greater accuracy in comparison with the traditional genetic evaluation systems. It can 
significantly increase the accuracy of pre-selection of breeding animals (Meuwissen, 
et al., 2001). Simulated SNP effects were used by Riecka and Candrák (2010) to 
influence the genomic data in the breeding values estimation in national Holstein 
cattle population in the Slovak republic. Including of genomic data into the estimation 
of breeding values could be significant. A significant higher coefficient of 
determination about 5 % estimated by the linear model was observed when the SNP 
effects were included. VanRaden (2012) obtained similar results in dairy cattle 
population. Several of genomic chips with different densities of SNPs were used. 
Reliability increased using chips with height of densities SNPs. There are many 
different ways how to use simulated genomic data. Clark, et al. (2012) used 
simulated and real data to examine the effects of various degrees of relationship on 
the accuracy of genomic selection. Genomic Best Linear Unbiased Prediction 
(gBLUP) was compared to two pedigree based BLUP methods, one with a shallow 
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one generation pedigree and the other with a deep ten generation pedigree. The 
gBLUP method predicted breeding values more accurately than BLUP. 

 

Conclusions 

Our results clearly indicated that for the sport horses evaluation it is possible to 
obtain more accurately estimating of breeding values involving SNPs to the 
estimation. In our work we used only fourteen simulated SNP effects in the 
evaluation. Increase of coefficient of determination was 0.03 compared to the model 
without SNP effect. Using a new SNPs chip (Equine SNP50) it is possible to involve 
more SNPs into the evaluation and obtained more accurately breeding values.   
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