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I. BACKGROUNDS AND OBJECTIVES OF THE DOCTORAL THESIS

Today there is a growing interest towards those scientific methods which develop the
horse breeding through help to define the important characteristics in the breeding aim.
One element of this process is the breeding value estimation, which will allow the
preselection of animals, thus select the most suitable horses to become a breeding
animal.

Direct and indirect selection methods can be distinguished in selection of sporthorses.
Direct methods estimate the individual's performance, while the indirect ones measure
some characteristics in correlation with the performance. Direct selection methods are
generally based on performance achieved in some equestrian sports.

If we want to breed an animal we need to know the hereditary ability of the animal, the
genetic value of the horse compared to the average value of the population. To express
this genetic value, the breeding values must be estimated, but we should note this value
is valid only in the examined population. It is therefore extremely important to estimate
the breeding value of sporthorses in each equestrian discipline, or for each horse breed.
MIHOK et al (2009) emphasize the need for research and results, because due to the
lack of research and information it is more difficult to join to the European scientific
life. The information that is produced in the world is very much needed, and should be
expanded with the Hungarian results.

In Hungary in recent years POSTA et al (2007b) have been developed a breeding value
estimation method as a result of many years of research. The results the estimated
genetic parameters and breeding values could help the farmers and animal breeders to
reach a successful breeding scheme through making more conscious the breeding and

selection decisions.



Objectives

1. Preparation of Hungarian show jumping results for the analysis
- To collect the show jumping data between 1996 and 2011, and merge
them into one database.
- To gather and build up the pedigree information of sporthorses.
- To present some descriptive statistics which have effect on breeding
values estimation.
2. Analysis of the performance of show jumping horses
- To examine the performance using different measurement variables.
- To compare the models of transformed measurement variables, and to

chose the best model and best type of transformation.

3. Genetic parameter estimation for traits based on show jumping
performance
- To estimate genetic parameters for the best performance traits, using

repeatability animal model.

4. Evaluation of performance between different competition levels
- To estimate genetic and phenotypic correlation between performances

achieved at different competition levels.

5. Presentation of the estimated breeding values, evaluation the show jumping
results with random regression models
- To estimate breeding values for sires using the best performance
variable.
- To find the best fit model for using random regression method.

- To estimate genetic parameters with random regression models.



Il. RESEARCH METHODS

Show jumping data between 1996 and 2011 were provided by the Association of
Hungarian Equestrian Show Jumping in Microsoft Office Excel form. Data contained
show jumping results of competitions which were held in Hungary, and results of some
Hungarian riders who competed abroad as well. Microsoft Office Access 2000 software
was used to prepare and filter the data before the analysis applying SQL language.
Name, ID and gender of the horse, rider, date, location and category name of the
competition, fault point and placing (rank) were included in the database. National
Horse Breeding Information System (OLIR) supported us to collect the pedigree
information of horses. In case of sporthorses that were not recorded in the national
registration system, its pedigree could be identified from sport horse registries (before
2007 paper form, from 2007 electric form). Gathering pedigree information of foreign
horses (do not have 1D, came to Hungary only for taking place in some competition)
was feasible through getting information from the Association of Hungarian Sporthorse
Breeders.

Pedigree of horses was analysed by the Pedigree Viewer software also, to check the
consistence of the data. Finally 40142 animals were included in the pedigree data four
generations back.

Nearly 10 % of the records in the database (37,000 starts) were biased through missing
or false information. Irreplaceable data (finally only 1% of the entire database) were
ignored due to missing ID and missing pedigree information. After data screening and
cleaning 10199 horses with 358342 records were prepared and ready for the analysis.

To measure the show jumping performance of the horses measurement variables were
created based on ranks, number of starters and difficulty level. Information about
winnings was not available; fault points and time were not recorded in all case. The
performance measurement variables were transformed with elementary functions to
make the error term of the models normal distribution because of the REML method.
Repeatability animal model was fitted to these measurement variables as proposed by
MRODE (1996). To define the model an analysis of effects is needed whether they have
significant effect on the performance or not. The analysis of fixed and random effects
included in the animal model was performed with SAS (SAS/STAT, 2003) software,
using SAS GLM method. Different models were compared based on their coefficient of

determination (R?) and RMSE values.



Difficulty level of the competition was taken into account in two ways. Level of the
competition was included in the animal model as fixed effect, these were the non-
weighted models. While difficulty level was considered as a weighted factor in the
weighted models, so performance scores were defined in a wider range of interval.
Performance score was higher for a horse competing at higher level, standard deviation
of data increased, and performance of horses could be distinguished in a better way.

The following repeatability animal model was used for the analysis.

Model for non weighted performance score:
Yijkmno = M + Age;j + Gender; + Year, + Location, + Levely, + Rider, + Perm, + Animal,

+ €ijkimno

Model for weighted performance score, competition level was used as a weighting

factor:

Yijino = K + Age; + Gender; + Yeary + Location, + Rider, + Perm, + Animal, + €jjkino

1 denotes the average value, fix effects were age and gender of the horse, year, location
and level of the competition, random effects were rider, animal and permanent

environmental effect, ejjximno, €ijkino denote the error term.

Competitions were categorized into 5 groups based on their difficulty level by
professionals. Types of used transformations in generalized form are presented in Table
1. The performance score was subtracted from a constant ‘c’, due to the strictly
monotone trait of the square root and logarithmic functions. The constant ‘c’ value was
determined in such a way that the result of the subtraction be non negative, as
BUGISLAUS et al (2005) suggested. A better ranked horse got higher score in this way.



Table 1.: Transformed performance measurement variables based on ranks

Square root Logarithmic Inverse normal
¢ —rank ¢ —log,(rank) v :6‘1( r—k )
J N-2k+1
(¢ — Vrank) * level (c — log,(rank)) * level yi=g-1 (i) * level
J N-—2k+1
(c - Vrank) * level?® (C —log, (rank)) * level? )gi =91 (i> * level?
N-2k+1

In case of the inverse normal transformation

1§i= performance score of j. horse competing at i. competition

ri= reached placing at i. competition

N = number of observation (number of competitors at a given competition)
¢, k = fixed constant

61 (x)= inverse function of the standard normal distribution function

Performance scores are based on ranks and number of competitions as well in case of
inverse normal transformations. For the ‘k’ constant value BLOM (1958) suggested
k=3/8, TUKEY (1962) k=1/3, and WAERDEN (1952) k=0.

Sport performance can be characterised by the number of first to third rank, and the
ratio of first to third ranks as well. These kind of measures are grouped in Table 2

classified by transformation types.

Table 2.: Transformed performance measurement variables based on first to third ranks

and number of starts

Square root, third root Logarithmic Other
Jratio of 1.-3. ranks lg(number of 1.—3.ranks + 1) number of 1.-3. ranks /year
\/number of 1.-3. ranks ln( X+05 ) number of 1.—3.ranks\"®
100,5-X ( number of starts )

X=ratio of 1.-3. ranks *100

08
* 100)

{number of 1.-3. ranks lgitnumber of starts) (number of 1.—3.ranks
number of starts

i/number of 1.—-3. ranks/year

Additive genetic variance, permanent environmental variance, rider variance and error
variance were estimated by REML method, using VCE-6 software (GROENEVELD et
al, 2010). Heritability and repeatability values were estimated from these variances.




Phenotypic and genotypic variances were estimated between the different competition
levels, considered the performance at difficulty levels as different traits.

Breeding values estimation was executed using the BLUP method based on
repeatability animal model with PEST software (GROENEVELD et al, 1990). The
estimated breeding values were transformed to have an average value 100, and standard
deviation 20 (KOENEN 2005):

7

) TE, — TE
TEtranssy = 100 +———

a

* 20

where

TE¢ranszs = transformed breeding value

TE,= estimated breeding value originally

TE,= average of breeding values of the reference population

o,= square root of the additive genetic variance of the trait

Reliability value of each breeding value was estimated. Rank correlation analysis
(SPEARMAN, 1904) was performed between the breeding values of the sires. Using
this method the order of sires can be compared.

Those 4 to 11 years old horses were included in the random regression analysis that had
at least 5 records. The filtered database contained 269598 records in total. Random
regression model was fitted to the best 3 transformed performance score, the weighted
Blom scores, weighted square root and weighted logarithmic performance scores.
Horses were categorized into 6 age groups, between the age groups error variance was
assumed to be constant.

For fitting random regression model Legendre polynomial was used
N N

Yijii (t) = u + Gender; + Year; + Location; + Rider; + Z t" + Z o6, (q(t))

n=1 n=1

N
+ Z Y00, (q(t)) + ey
n=1

where P denotes the average value, fix effects were gender of the horse, year and
location of the competition, rider was considered as random effect, t denotes the age in

days, 6, refers to the Legendre polynomial, a, stands for coefficients of additive



genetic effect of the animal, y, stands for coefficients of permanent environment effect,
e;ji denotes the error term.

Variance components of the random regression coefficients were determined with
REML method using VCE-6 software. Eigenfunctions and their eigenvalues were

determined as well.



I1l.  MAIN STATEMENTS OF THE THESIS
Some descriptive statistics affecting breeding values

Evaluating the 1996-2011 show jumping data we concluded that horses have short sport
carrier and low number of records. This fact reduces the reliability of breeding values,
hereby the substantiation of professional selection. Two thirds of the horses (67%)
spend a maximum of three years in the sport, a horse start competing at young age
cannot show its potential performance. One third of the horses competed in show
jumping less than 1 year. The calculated average length of the carrier was 3.14 years,
and is below compared to international data. Besides the short carrier the average
number of starts per horse is low 31.59. 80% of the horses finished their carrier with
less than 50 records. We recommend testing more sporthorse in show jumping to get a
more balanced image of the horse's performance through increasing the number of starts
per horses. The information we get is intended to the future results, helps to make the

selection decision more conscious through selecting the best animals.
Evaluation of the variables used for performance measurement

Model for weighted performance measurement variables fitted better, had higher R
value, than the non-weighted models (Table 3.). Despite our conjecture using the square
of difficulty level in the models did not result much more model than using the
difficulty level as weighting factor. Considering the level weighted traits the square root
and the inverse normal transformation resulted better fitting than the logarithmic

transformation.

10



Table 3.: Comparing fitted models of traits based on show-jumping performance

Measurement variable R’ R RMSE
15 — Vrank 0.18 0.42 1.30
(15 — Vrank)*level 0.47 0.69 5.96
(15 — Vrank)*level’ 0.46 0.68 26.71
10-logy(rank) 0.16 0.40 2.00
(10-logy(rank))*level 0.43 0.66 0.70
(10-log,(rank))*level” 0.45 0.67 4.86
3-lg(rank) 0.16 0.40 2.19
(3-lg(rank))*level 0.43 0.60 2.19
(3-lg(rank)) *level® 0.45 0.64 8.38
5.5-In(rank) 0.16 0.40 1.31
(5.5-In(rank))*level 0.36 0.66 3.89
(5.5-In(rank)) *level® 0.41 0.67 16.21
Blom scores+3 0.09 0.30 0.82
(Blom scores +3) * level 0.45 0.67 1.92
(Blom scores +3)*level’ 0.46 0.68 7.73
Tukey scores +3 0.09 0.30 0.83
(Tukey scores +3) * level 0.45 0.67 1.53
(Tukey scores +3)* level * 0.47 0.69 7.61
Waerden scores +3 0.09 0.30 0.83
(Waerden scores +3) * level 0.45 0.67 1.52
(Waerden scores +3)* level 0.47 0.69 7.61

Estimation of genetic parameters

Significant and low 0.02-0.07 heritability values (h%), significant and low and moderate
0.08-0.25 repeatability values (R) were estimated in case of all traits similar to literature
(Table 4.). The reason could be the low number of progenies in sport, low number of
starts per horse, and the presence of those non additive effects which affect the

performance of the horse.
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Table 4.: Heritability and repeatability values of the traits

Measurement variable h? R Rider/Ve P'ermanent Error IV,
environment/V,
15-squareroot(rank) 0.02 ooz | 0.09 | 0.06(003) 0.06(0.003) 0.85(.003)
15-squareroot(rank)*level 0.07 o5y | 0.25 0.15(9.004) 0.180.006) 0.60(0.002)
15-squareroot(rank)*level? 0.06 (oo0s) | 0.23 0.120.004) 0.170.006) 0.65(0.004)
10-log2(rank) 0.02 goo3) | 0.08 | 0.07(0003) 0.06(0.003) 0.85(0.003)
10-log2(rank)*level 0.07 ooosy | 0.23 | 0.12(0003) 0.170.006) 0.640.004)
10-log2(rank)*level® 0.05 o5y | 0.22 | 0.11(p003) 0.17 0.005) 0.66(0.004)
Blom score +3 0.05 (goos) | 0.13 0.05¢0.002) 0.070.004) 0.83(0.003)
(Blom score+3) * level 0.07 ooy | 0.23 0.110.003) 0.16(0.006) 0.660.004)
(Blom score+3) * level® 0.05 (ggo5) | 0.22 0.110.003) 0.170.005) 0.670.004)

V,, denotes the phenotypic variance

Higher heritability and repeatability values were estimated in case of the weighted
models, values were more than twice higher compared to the non weighted models. The
use of competition level as a weighting factor resulted not only a better model, but
increased the heritability and repeatability values as well. As a conclusion we can say
that it is worth to consider the competition level as a weighting factor in the model,
instead of considering it as a fixed effect in the model.
In case of the weighted models rider and permanent environmental effect was greater on
performance of horses, because they explained higher proportion of the phenotypic
variance. The error term was the major part 60-85% of the phenotypic variance, it
includes all effects what we could not define and take into account in the model.
For further analysis we recommend the following transformation types to measure the
performance:

e (15-square root (rank) )* level

e (10-log2(rank))*level

e (Blom score + 3) * level
Evaluation of performance at different competition level
Moderate and high (ry = 0.48 to 1.00) genetic correlations were estimated between
performance on the first four groups using the logarithmic and square root

transformations. In these cases the genetic correlation values were significant (P <0.05)
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between the first 3 competition levels. In case of the Blom method strong and
significant (P <0.05) genetic correlation values were calculated between the first 4
levels. Due to the low number of records in the 5. competition level, the result could not
be compared with other levels. The close correlation values suggest that horses are able
to reserve their position at higher level which rank was reached at lower level.

The phenotypic correlations for all three measures showed loose (r = 0.07 - 0.22)
values between performance reached at different competition level. As the distance was

higher between the difficulty levels, the phenotypic correlation decreased.

Estimated breeding value of sires

Strong Spearman correlation values were calculated between the breeding values
estimated with the 3 different transformation method (r = 0,97 - 0,99), so order of the
sires could be considered as almost same. From the 2350 sires we could estimate
reliable breeding value (at least 0.7 reliability value) in case of 35 sires. The minimum
progeny number was 27. Analysis resulted breeding values with one standard deviation
unit above the average (at least 120 breeding value) in case of 12 sires. From these 7
Holsteiner sporthorse, 3 Hungarian sporthorse, 1 Hungarian half-bred and 1 Dutch half-
bred were included, their progeny number varied between 34 and 156. Among the top
three horses there were 2 Holsteiner and 1 Hungarian sporthorse Ramzes 111-80 Randi,
this fact proves opportunities in the Hungarian breeding in case of show jumping
discipline. This fact should be emphasized, because in recent years progenies from the
import sires were favoured instead of progenies sired by Hungarian sporthorses. We
recommend testing more progenies from Hungarian sporthorses in the show jumping
discipline to reach progress in breeding through the more strictly selection.

Estimated breeding value above 120 value with 0.60-0.69 realibility value are also
illustrated. We should note that these results are only informative. From these 34 sires
there were 5 Hungarian sporthorses, 2 Mez6hegyesi sporthorses, 1 Hungarian half-bred
and 1 Kisbéri félvér. Analysis resulted breeding values with two standard deviation unit
above the average (at least 140 breeding value) in case of 6 sires. The best sire from the
first group (sires having reliable breeding value), and the best sire from the other group
(sires having breeding value with 0.6-.069 reliable value) are brothers, Cassini Il and

Cassini | respectively. (sire Capitol I, dam Wisma).
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Evaluation of sport performance with random regression model

The best fitting random regression model was the model with a polynomial of first order
fit (LP1) for all random effects. Results for all three weighted measures were similar,
that is why results of weighted square root model is presented only.

Performance scores have increased with increasing age, older and experienced horses
got higher scores, reached better performance (Figure 1.). First at age 5.5 horses
reached scores with 2 standard deviation unit above the mean (standard deviation =
9.46), scores with 3-4 standard deviation unit above the mean was shown at 7.5 years
old. The highest scores, the best performance were achieved between 9 and 13.5 years

old, similarly to the literature.

BO

Performance score

10 2000 A0 2500 04 Ao =00 00 G000 O

Age in days

Figure 1.: Relationship between weighted square root rank and age

Genetic variance was increased steadily from 6 years old, hereby the difference between
the performances was shown (Figure 2.). Homogeneous variance (7.63) was estimated
for random effect of the rider. Variance estimated for permanent environmental effect
decreased until 6 years old, and was the lowest in the 6-7 years old age classes. The
reason can be that a young horse starting its career at 4-5 age and after 2 years becomes
more and more experienced and react to the environmental stimuli less, so variability of
environment effects will be less. Variance of permanent environmental effect increased
from 7 years old, which can be explained as there is a greater variability in perceived

stimuli of horses (experiences, condition, health status) at higher competition level.
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Variance for error term increased until 9 years old, after that age it was constant. This
fact implies the difference between performances are influenced such components
(management, training) with increasing age which effect could not be taken into account

in the model.

bi]
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Figure 2.: Variances for random and residual effects estimated with random regression
model (LP1)

Heritability value increased from 6 years of age, it varied between h? = 0.08 - 0.37
(Figure 3.). From 7.5 years of age the animal effect on its performance exceeded the
rider effect, the heritability values was greater than the variance proportion of rider
effect. The animal had a greater effect in the outcome of the performance, than the
permanent environmental effect after 9.5 years of age. Heritability value exceeded the
error term proportion of the variance at 11 years of age. As sporthorses was getting
older, higher heritability values were estimated, while the variance proportion of the
rider effect reduced continuously. Genotype had greater effect on performance than
rider effect at older ages, as horses and also riders become more experienced. Variance
proportion of permanent environmental effect was the lowest at age between 7-8 years
old, while the error term was the highest for these age groups. Variance proportion of
error term decreased from 8 years of age, while the proportion of permanent

environmental effect started to increase again. Factors that affect the performance of the
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horses can be more interpretable from 8 years of age through decreasing error term and

increasing environmental effect.

04

Variance Proportion

Age of horses
— Animal = = Perm, Environment s = Rider = = ==0 e Error

Figure 3.: VVariance proportion for random and residual effects estimated with random

regression model (LP1)

Strong genetic and phenotypic correlation values were estimated between the
neighboring age groups. Genetic and phenotypic correlation between the age groups
declined steadily with the increasing age (Figure 4.). Weak genetic correlations were
estimated between 4-5-6 years of age and older (7, 8, 8+) age classes. Phenotypic
correlation was weak similarly between these age groups. Performance reached at
younger age (4-5-6 years old horses) do not reflect the later performance at all.
Between performance reached at 7 - 8 years old and later performance strong
phenotypic correlation value was estimated, while performance reached at 6 years old
showed moderate phenotypic correlation value with later performance in the future. So
performance at 7-8 years old can refer to the future performance with higher

probability. Genetic correlation values were similar.
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Figure 4.: Genetic correlations (above the diagonal) and phenotypic correlations

(below the diagonal) between performances in different age classes

Estimates of the first eigenfunction for weighted square root ranks were positive from
age 6.08 (2219 age in days) indicating that selection based on the sport performance
traits could be successful from 2219 days old (Figure 5.), in other words selection based
on this trait at any age from 6.08 should change show-jumping performance in the same
direction. For weighted square root ranks the first eigenvalue explained 99.56% of the
genetic variation, and the second eigenfunction was responsible for only 0.44% of the
total genetic variation for the first ordered Legendre polynomial. Variances explained
by eigenfunctions of second order Legendre polynomials were lower, so the first order
LP 1 was the best fitting.
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Figure 5.: Eigenfunctions of weighted square root ranks for the random animal effect

estimated with random regression model
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IV. NEW STATEMENTS OF THE THESIS

Evaluating the Hungarian show jumping result between 1996 and 2011, we can
conclude that transformation of ranks with square root, logarithmic function, and
Blom transformed ranks could be appropriate for measuring the performance of

the sporthorses.

It is worth considering competition level as a weighting factor calculating the
performance score, instead of regarding the difficulty level as fixed effect in the

repeatability animal model.

Significant and low heritability values (h* = 0.02-0.07), and significant and low
and moderate repeatability values (R = 0.08-0.25) were estimated for
performance traits evaluating the Hungarian show jumping data from period
1996-2011.

Strong phenotypic correlation value was estimated between the performance
reached at 7-8 years old and later performance. So performance at 7-8 years old
can refer to the future performance with higher probability. At least two years of
sports performance is required for effective selection based on show jumping

performance in case of a sporthorse starting its career at age 4.

19



V. PRACTICAL APPLICABILITY OF THE RESULTS

Hungarian Sporthorse Breeders can utilize the results in their breeding program
and selection decision. Estimated breeding values of the sires can help to choose
better breeding animals, and to esteem them, especially the Hungarian breeds. It
is recommended to test more progenies from Hungarian sporthorses in the show
jumping discipline to reach more reliable information about sires and to reach
progress in breeding scheme through the strictly selection. Results can make

recommendation for ex-situ gene conservation as well.

Stronger phenotypic correlation value was estimated between the performance
reached at 7-8 years old and later performance, than performance between at 6
years of age and later performance. So future performance can be predicted with
higher probability based on performance at 7-8 years of age. At least two years
of sports performance is required for effective selection based on show jumping

performance in case of a sporthorse starting its career at age 4.

The used repeatability animal model and random regression model are
appropriate to measure and evaluate the show jumping performance of the
Hungarian show-jumping horses. Application of these models is suggested in

practice.
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