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Comparison of models to estimate genetic parameters
for scores of competitive sport horse events
in the Czech Republic
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ABSTRACT: The objective of the present study was to estimate genetic parameters and predict breeding values
of sport horses in the Czech Republic using animal model variations. The data set for the evaluation was com-
posed of edited records of show jumping competitions in the Czech Republic in years 1991-2013. Input data were
not normally distributed; hence Blom transformation was used for the variable filtration. The Gibbs sampling
algorithm was used for the genetic parameters estimation. Two models were examined. The first was a random
regression model including the effect of a horse’s experience in competition (expressed as the length of the horse’s
sporting career in days), fixed effects of sex, age, and event, and random effects of rider, permanent environment,
and animal. The second model was a multi-trait model with fixed effects for sex, age, and event and random
effects for rider, permanent environment, and animal. In this latter case, horse performance was classified as three
traits. The first trait was jumping results from obstacle heights of 90—110 cm, the second of 120—135 cm, and the
third of 140-155 cm. In the random regression model, heritability estimates ranged from 0.01 to 0.11; whereas
in the multi-trait model, heritabilities were 0.07, 0.11, and 0.14 for the first, second, and third trait, respectively.
Results indicate that both models could be used to predict breeding values of sport horses in the Czech Republic.
The multi-trait model revealed that heritability estimates increased with the increasing height of obstacle. In the
random regression model, breeding values differed according to a horse’s experience in competition, allowing
adjustment of the breeding value for the environmental effect of a past experience.
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INTRODUCTION

In countries with advanced sport horse genetic
improvement programs, breeding value prediction
by the Best Linear Unbiased Prediction (BLUP)
animal model is a commonly used procedure.
Foreign breeding programs base breeding value
prediction either upon a horse’s performance tests
or upon own sport results.

Show-jumping competition results can be mod-
elled as a repeated measurement of a trait for which
the phenotype of an animal is represented as a
continuous function of time (Posta et al. 2010),
which can be characterized by a trajectory with
a theoretically infinite number of measurements.
The random regression model has been used to

evaluate performance of German Trotters (Bugis-
laus et al. 2006), Thoroughbred horses in Brazil
(Buxadera and Da Mota 2008), and Hungarian
Sporthorses (Posta et al. 2010). The multi-trait
animal model was used by Janssens et al. (1997) in
Belgium, Alridge et al. (2000) in Ireland, Viklund
et al. (2011) in Sweden, and Luehrs-Behnke et al.
(2002) in Germany.

Nowadays, genetic merit of the sport horse popula-
tion in the Czech Republic lags considerably behind
that of other European populations and has been
heavily impacted by imported genetic material.
Warmblood horse breeding in the Czech Republic
is prominently directed to jumping performance.
Evaluation is based solely on sport competition
results, the only currently applicable informa-
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tion for genetic evaluation of sport horses in the
Czech Republic. This is so because the database
of sport event results is extensive and expanding
with new competitors without pronounced pre-
selection while results from several competitions
are mostly available for each horse.

Although there is a large and appropriate un-
derlying database in the Czech Republic, routine
evaluation of horse performances using the BLUP
animal model has not existed so far. The only of-
ficial system for sport horse evaluation (initiated
in 1985) are the values based on phenotypic mea-
surements (based upon number of penalty points
or obtained percent) of show jumping, dressage,
and eventing results. The basis of the method is a
recalculation matrix that assigns values by taking
into account the difficulty of each event. Based
upon these results, sport horses are ranked using
the Auxiliary penalty points system.

For stallions, the absolute sports value (a value
of show jumping, dressage, eventing competi-
tions) is determined. It is derived from Auxiliary
penalty points as a weighted mean of the number
of Auxiliary penalty points in all difficulties from
all offspring of each individual stallion.

The objective of this study was to estimate ge-
netic parameters and predict breeding values for
show jumping performance of horses in the Czech
Republic through examination of differences among
analytic models and procedures.

MATERIAL AND METHODS

The dataset was created by editing the results
of show jumping competitions in the Czech Re-
public between the years 1991-2013. The results
were restricted to classic competitions evaluated
according to the rules of the Czech Equestrian
Federation. In total, 579 948 records from 20 126
horses were recorded in this time period.

Data. The input data for jumping performance,
expressed as penalty points, were not normally dis-
tributed; therefore Blom normalizing transformation
was applied using PROC RANK of SAS software
(Statistical Analysis System, Version 9.1, 2005).

To estimate the genetic parameters, each trait was
defined such that there would be a sufficient num-
ber of observations for a valid analysis. Riders with
fewer than ten competitions and having ridden fewer
than three horses were excluded from the database.
Horses with fewer than five results, or horses ridden
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by only one rider, and competitions with less than
three participants were also excluded. Also excluded
were horses with adequate sport records but hav-
ing fewer than four paternal half-sibs. Incomplete
data (competitions with unknown horses and rid-
ers) were excluded from the data set as well. Only
horses from 4 to 25 years of age were considered.
After filtering, 282 437 results from 6209 horses were
used in subsequent analyses. Variance components
were estimated by the Gibbs sampling algorithm in
GIBBS1f90 software (Version 1.37,2002). The num-
ber of iterations was set to 120 000 with a burn-in
0f 40 000 iterations for all Gibbs calculations. Every
twentieth iteration was sampled for an estimation
of the posterior. Both models achieved stabilized
results by the end of the chosen burn-in criterion.

Pedigree. Including four generations of ances-
tors, 74 261 horses were included in the pedigree
file. Because there were 165 different breed type
classes, it was not possible to create unknown
groups of generations based purely on breed type
due to small amount of data for each type.

Phantom groups were used in the pedigree in
the most distant (fifth) generation of ancestors for
the breed of horse (e.g. Czech Warmblood, Hol-
steiner horse, Thoroughbred, etc.), or they were
pooled according to their ancestral relationships
into the following breed types: Western Diluvial,
Oriental — English, Oriental — Arabic, Oriental —
other, Mongolian, and Nordic.

Czech Warmblood (the most common breed in
the Czech Republic) was additionally split based on
the birth year of the horse. In total, 20 unknown
categories of ancestors were created, where the
minimum number of individuals in each trait was
20. Both ancestors of an individual were known
in 76.4% of cases, only one ancestor was known
in 2.56% of cases, and in 21.04% of cases both sire
and dam were unknown.

The models. Two models were chosen to estimate
genetic parameters and predict breeding values for
competitive scores of sport horses. The first model
was a single-trait model with random regression
(RR) and the second was a multi-trait model with
quadratic regression (MT). The effect “horse’s ex-
perience in competition”, which was the length of
the horse’s sporting career in days (RR) or in years
(MT), was incorporated in both of the models.

The RR model. The effect of each horse’s ex-
perience in competition was expressed as days in
the random regression analysis and was modelled
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with Legendre polynomials (LPs) from the first to
the third order of fit.

=m + Sex; + Age}. + Event, + YearBreed, x

ijklmno
x fp,, + Rider, + PE x fp,.+ Animal x fp, + €ikmmo
where:
ikimno = measurement variable of the competition
result of the horse
m = population mean
Sex, = fixed effect of the gender (three levels)
Age; = fixed effect for nine age groups (4, 5, 6,7, 8,
9,10, 11-15, 16-25)
Event, = fixed effect of date and location of the event

(27 525 levels)
YearBreed, = fixed effect of year of birth and breed of the
horse (37 levels)

fpyp = fixed regression coefficient of the YearBreed,

Rider,, = random effect of the rider (11 815 levels)

PE, = random effect of the permanent environment
of the horse, computed only for horses with
competition results (20 126 levels)

fppp = random regression coefficient of the per-
manent environmental effect

Animal, = random effect of the additive genetic effect
(74261 levels)

fp, = random regression coefficient of the addi-
tive genetic effect

€ikimno = random error

Due to the small number of observations in some
years, birth year of a horse was represented by seven
categories (1971-1980, 1981-1985, 1986—-1990, 1991—
1995, 1996-2000, 20012005, 2006—2009). A total of
165 breeds were represented in the pedigree file, so
compression into the following seven categories was
deemed appropriate: Thoroughbred, Czech Warm-
blood, other Czech sport breeds (Slovak Warmblood,
Kinsky horse, Moravian Warmblood), European breeds
most influenced by Czech Warmblood (Hannoverian
horse, Holsteiner horse, Oldenburger horse, Dutch
Warmblood, Belgian Warmblood), ponies, coldblood,
other warmblood horses.

Variability of traits in relation to age was fitted
by functions (f) of orthogonal LPs:

f=pb
where:

b = vector of regression coefficients
p = vector of parameters of the function (LPs)

Age standardization (as) was performed in LPs:

as =2 ((x,—x_. )/ (x

i min

max xmin)) -1

where:

x; = age at the day of event

x_.. = minimum age (the youngest age at which a horse
competed)

¥, = maximum age (the oldest age at which a horse
competed)

After age standardization, the first four param-
eters (p) were (Pribyl et al. 2007):
p0=1
pl= as\N3
p2 =05 (3as2 — 1)V5

p3=0.5 (5as3 — 3as)\7

The MT model. The multi-trait model was used
when competitions were divided into three cat-
egories according to the height of obstacle (as a
proxy for the level of difficulty). The first included
jumping results with obstacles from 90 to 110 cm
(TR1), the second from 120 to 135 cm (TR2), and
the third from 140 to 155 cm (TR3). Numbers of
observations for the estimation of genetic param-
eters and the prediction of breeding values were as
follows: 183 848 and 379 708 for TR1, 88 170 and
176 317 for TR2, and 10 419 and 23 923 for TR3.

In this MT model, each horse’s experience in com-
petition is recorded throughout its entire jumping
career. If a horse begins competing as four-year
old, that is taken as its first year of experience. If
another horse begins competing at seven years of
age, it is its first year of experience and its eighth
year of age is the second year of experience, etc.

Y itmno = M + Sex; + Age}, + Event, + b fp + b,fp* +
+ Rider,, + PE, + Animal  + €iktmmno
where:
jkimno = Measurement variable for the three competi-
tion result traits
m = population mean
Sex, = fixed effect of gender (three levels)
Age, = fixed effect for nine age groups (4,5, 6,7, 8,9,
10, 11-15, 16-25)
Event, = fixed effect of date and location of the event
(27 525 levels)
fp = the horse’s competition experience in years
b, = linear regression coefficient
b, = quadratic regression coefficient
Rider,, = random effect of the rider (11 815 levels)
PE, = random permanent environmental effect of

the horse (20 126 levels)
Animal = random additive genetic effect (74 261 levels)

Cikimno = random error
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Breeding values. Breeding values predicted us-
ing the RR model were used to create performance
curves for specific stallions. Such curves depict
change in predicted genetic merit across a horse’s
experience in competition, and the population
average is subtracted from this value to put the
breeding values at the same level.

Using the MT model, we obtained the relative
breeding values (RBVs) as a reversion of the breed-
ing values according to the following equation:

RBV =m + 1/((EBV/SD x SD

where:
RBV = predicted relative breeding value on the
common publication scale

EBV) D)

m = mean of EBV equal to 100 for the population
included in the BLUP method

EBV = breeding value on the original scale of the
analyses

SD,,,, = genetic standard deviation of the EBV

SD,, = desired standard deviation fixed to 20 units

For the MT model, reliability of breeding value
was calculated for all horses from the pedigree
(74 261 animals) as well. This was based on the
method described by Misztal and Wiggans (1988).

RESULTS AND DISCUSSION

Transformation of the measured variable. The
basic statistical data on the jumping performance
used for the computations were identical for both
model equations (Table 1). Jumping performance
expressed by penalty points was not normally dis-
tributed, due to high numbers of performances with
zero, 4, 8 or 12 penalty points and to high numbers
of unfinished or disqualified competitions (999
penalty points). During filtering, all records with
more than 50 penalty points were merged and to

Table 1. Numbers of observations in the BLUP method
and after filtering for parameter estimation in the Gibbs
method

No. No. after filtering
in BLUP for Gibbs
Observations 579 948 282437
iif)ﬁssv(v;tgh) sport 20126 6209
Riders 11 815 5201
Events 27 525 21918
Horses in the pedigree 74 261 27 895
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Blom penalty points
Figure 1. Distribution of the observations for Blom trans-
formation of penalty points

exclude negative figures after Blom transformation,
all values were increased by a constant (Table 2).
Only Blom transformed penalty points were used
for estimation of genetic parameters (Figure 1).
Blom transformation is often used when data from
competitions are available for breeding value pre-
diction, as reported in the studies by Janssens et
al. (1997), Reilly et al. (1998), Posta et al. (2009a,b),
and Ricard and Legarra (2010).

Heritability. In the RR model, the length of a
horse’s experience in competition ranged from 1 to
6350 days, with a mean of 1159 days and standard
deviation of 950 days. Heritability estimates ranged
from 0.01 to 0.11, averaging 0.07. The highest value
of 0.11 was by the length of experience of 1800 days.
Proportion of variance attributed to the permanent
environmental effect increased with length of a
horse’s competitive experience (Figure 2). From
4100 days onward (roughly 11 years of competitive
participation), the curve quickly rose and had an
inflated standard deviation, probably due to the
small number of observations. Genetic variance
at first increased, reaching the maximum at about
1800 days (i.e. 5 years of competition). Slightly
higher heritabilities (0.03-0.30) were reported by
Posta et al. (2010), who used a similar RR model
but with regression based on the age of the horse.

Heritability estimates for the MT model were
0.07,0.11, and 0.14 for TR1, TR2, and TR3, respec-
tively (Table 3). The longest observed competitive
career for a horse was 18 years (Figure 3). The
increasing impact of the permanent environmental
effect and the increasing level of difficulty of the
competitions can be explained by the fact that
all the horses competing at a high level of dif-
ficulty were well experienced and had extensive
preparation and quality care, leading to reduced
variation among the horses. Posta et al. (2010) also
reported that the performance of show jumping
horses later in their career was less influenced by
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Table 2. Characteristics of dependent variables for the estimation of genetic parameters

Dependent variable n Mean Standard deviation Minimum Maximum
Penalty points 238 897 89.80 277.67 0 999.00
Blom penalty points 238 897 16.42 13.59 0.77 41.99

environmental effects than was the performance
at the beginning of their career. The results of
our work clearly show that heritability estimates
increase with competition difficulty.

This increasing heritability may result because
of the similar conditions among horses that are
bred and trained for higher-level competitions;

whereas horses that participate in lower-level
competitions may not be as thoroughly trained, and
their breeding and stabling conditions may have
been less favourable. In consequence, systematic
effects on the horse’s performance would be less
predictable in lower than in higher level compe-
titions, leading to increased error variance and
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Table 3. Percentages of total variance attributed to random effects in the analytical model, heritability estimates, and

repeatabilities for sport horse jumping competition

Random regression

Multitrait model (%)

Random effect

model (%) trait 1 trait 2 trait 3
Rider 6.2 6.6 11.1 16.5
Permanent environment 23.8 10.1 11.0 15.5
Additive genetic effect 8.3 6.8 10.9 13.9
Residual 61.7 76.6 67.0 54.1
Total variance 100.0 100.0 100.0 100.0
Heritability 0.07 0.07 0.11 0.14
Repeatability 0.17 0.17 0.22 0.29

lower heritability estimates. In analyses also using
the MT model, Alridge et al. (2011) and Viklund
et al. (2011) also reported higher heritability esti-
mates with the increasing difficulty of competition.
Aldridge et al. (2000) reported that performance in
low- and medium-level show jumping competitions
could predict the genetic potential in high-level
competitions; whereas Ducro (2011) concluded that
performance at different levels of difficulty could
be considered as different characteristics. Due to

Table 4. Distribution of animals in the multitrait model
in the three traits by years of a horse’s experience in

competitions

Horse’s experience Trait 1 Trait 2 Trait 3
in competitions

(years) (%)

1 23.1 5.6 1.6
2 19.4 14.6 3.4
3 15.3 16.2 10.2
4 11.8 15.5 18.4
5 8.9 13.1 17.9
6 6.4 10.8 14.2
7 4.7 7.8 11.2
8 3.5 5.7 9.0
9 2.6 4.1 6.0
10 1.7 2.7 3.9
11 1.1 1.7 1.7
12 0.6 1.1 1.2
13 0.4 0.6 0.6
14 0.3 0.3 0.3
15 0.1 0.2 0.3
16 0.1 0.1 0.1
17 0 0 0
18 0 0 0
Total 100 100 100

advantages of the MT model, it is worthwhile using
it for genetic evaluation of sport horses in equestrian
competitions. Table 4 shows the relative number of
horses competing in the given trait according to the
number of years of horse’s experience. Horses hav-
ing up to 10 years of competitive experience make
up the largest proportion of the dataset, which we
presume is due to cumulative injuries associated
with longer competitive careers. As well, injuries
are one of the possible reason for the retirement
of a horse from its sports career.

Correlations. Using the MT model, the cor-
relation between the effect of age of a horse and
the horse’s experience was analyzed. If a high
correlation between these effects was detected,
then one could be excluded from the model. Cor-
relations actually observed between these effects
were between 0.17 and 0.41, so both of them were
retained in the model.

Genetic correlations between traits from the
MT model were high, 0.93 between TR1 and TR2,
0.95 between TR2 and TR3, and 0.81 that between
TR1 and TR3.

Prediction of breeding values. The RR analy-
ses provided results that can be used to create a

Table 5. Breeding values estimated using the random
regression model for selected stallions in different days
of a horse’s experience in competitions

Belfast Rock

Days Aristo Z Vasury Roll Doven
500 -15 -3 -9 2
1500 11 28 19 34
2000 28 45 36 51
3500 82 96 89 101
4500 112 124 120 128
6000 130 146 149 154
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Table 6. Relative breeding values (RBV) and their reliability using the multitrait model for selected stallions

Year of Number of Trait 1 Trait 2 Trait 3
Name of stallion . .
birth  offspring RBV reliability RBV reliability RBV reliability

Aristo Z 2001 30 151 0.74 156 0.76 157 0.68
Belfast Vasury 1996 5 92 0.56 88 0.56 85 0.48
Rock n'Roll 1990 147 128 0.91 127 0.91 122 0.82
Doven 1997 8 55 0.66 54 0.64 55 0.55
weighted sum of a set of the continuous covariable, CONCLUSION

as described by Meyer (2005). Breeding values
for the entire analyzed interval, estimated using
the RR model, are shown for selected stallions
in Figure 4. In this representation, the lower the
curve for a stallion, the higher the predicted
genetic merit. Curves for each stallion have a
similar increasing trajectory, i.e. breeding val-
ues are negative early on, gradually increasing
to high positive values. This may be due to the
small number of observations from 4100 days
(11 years) of competitive experience. Posta et
al. (2010) used random regression on age of the
horse and published curves of predicted breeding
values at five advancing ages for the most popular
stallions in Hungary at that time. They concluded
that estimated breeding values for the stallions
were relatively stable across time.

From the results of our work, it is not possible
to confirm that the predicted breeding values of
the stallions had stabilized. Differences in the
breeding values at the beginning, during and at
the end of a horse’s competitive experience were
observed (Table 5). This might be because long
sport careers (6350 days) of only a few horses were
examined; whereas only 2.1% of horses from the
overall number in our database had 4100 or more
days of competition, which may have caused the
deviation of predicted breeding values.

Relative breeding values were calculated us-
ing only the MT model. The highest RBVs corre-
sponded to the lowest Blom penalty points. The
average reliability calculated for all horses in the
pedigree (74 261 animals) were 0.22, 0.22, and 0.19
for TR1, TR2, and TR3, respectively with standard
deviations of 0.22, 0.22, and 0.19. The minimum
was 0 and the maximum was 0.94. The average
reliability for a horse with a competitive record
(20 126) was 0.46 with standard deviation of 0.11.
Selected stallions with RBVs and reliabilities in all
three traits are shown in Table 6.

Genetic parameters and breeding values for
performance traits in sport horses were estimated
by the BLUP-animal model method, and from
the results we conclude that both model equa-
tions can be used. Each has advantages. In the
RR model, we can more accurately account for
differences among trainers than when using one
overall indicator. This allows the option to select
horses at a younger age. From the MT model, we
conclude that predicted genetic merit of a horse
can increase with the increasing level of difficulty
in a competition. Hence the breeders should choose
stallions based on TR3, because the aim of most
sport horse breeding organizations is to produce
quality horses for the highest levels of competition.
Even though the heritability of show-jumping horse
performance is low, breeding organizations in the
Czech Republic should start evaluating breeding
horses using the method BLUP-AM, as this is the
only means to achieve genetic gain.
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