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This study aimed to compare reliabilities for some conformational and reproductive
traits between classical approach with pedigree-based REML and single-step genomic
REML in PRE horse. Measurements from 5 zoometric traits were analysed: scapular-
ischial length (SiL), length of back (LB), dorso-sternal diameter (DsD), thoracic
perimeter (TP), and perimeter of anterior cannon bone (PACB). The following seven
traits were considered in this study as measures of mare’s fertility: age at first foaling
(AFF), age at last foaling (ALF), average interval between foaling (AIF), total number of
foalings (NF), interval between first and second foaling (IF12), productive life (PL) and
reproductive efficiency (RE). The datasets consisted of 7152 conformation and 11,798
reproductive records and the pedigree included 41,888 animals. A total of 2916 animals
were genotyped and 61,271 SNPs were included in the analysis. All analyses were
performed using a multivariate model, separately for conformational and reproductive
traits. The estimates of heritabilities were similar in both methodologies (0.34 to 0.64 for
morphological traits, and 0.02 to 0.23 for the reproductive ones). Genetic correlations
between EBVs and GEBVs varied from 0.59 (DsD) to 0.98 (SiL) for conformational
traits and from 0.96 (IMPm) to 0.99 (PPm and EUPm) for reproductive traits.

A significant gain in reliabilities for ssGREML over REML evaluations has been observed
in all conformational traits with an overall increase oscillating between 7.74% (LB) and
27.83% (DsD), being greater in genotyped animals (14.97% to 41.0%) compared to
non-genotyped (6.84% to 26.13%). In general, when the reliability of the animal was
previously very low, a greater gain in reliability has been observed, especially in the
ungenotyped subpopulation. Similarly, considering only stallions with less than 40
controlled foals, this increase was much greater (7.92% to 26.43%). In the case of
reproductive traits, a noticeable smaller increase was obtained for all traits, ranging from
1.99% for PL and RE to 4.29% for IF12. This work demonstrate the effectiveness of the
genomic approach for the routine genetic evaluation of conformation and reproduction
traits in the PRE breed..
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Material and
methods

Pedigree, phenotypic
and genotypic data

The Pura Raza Espafiola (PRE) horse is a native Spanish equine breed that has been
officially recognized since the 15" century. Actually, the PRE is the most popular equine
breed in Spain, representing the 70% of all registered equids. The total PRE population,
275,018 horses, are mainly located in Spain but also in other 67 countries (MAPA,
2023). In 2003, the genetic breeding program was approved to enhance the breed’s
conformation, functionality and reproductive traits, reduce inbreeding, and preserve
its genetic heritage. More recently, the PRE breeding program has been updated in
2020 (MAPA, 2023). In order to ensure the PRE genetic integrity, various molecular
tools such as blood groups, biochemical polymorphisms, and microsatellite markers
have been used to establish paternity controls since the early 1980s. This has led to
over 40 years of verified parental information, providing an accurate and reliable basis
for genetic improvement efforts.

Conformation traits are very important to this breed because of its relationship with the
functionality since PRE horses are mainly used for dressage competitions (Sanchez-
Guerrero et al., 2016). So, a good conformation will determine the horse’s final price.
In the same sense, reproductive traits are a critical factor for the profitability of equine
stud. To maintain a healthy and profitable equine operation, successful breeding and
reproduction are crucial. The birth of a foal not only represents the continuation of the
bloodline but also signifies a considerable investment of time and resources. For all
these reasons, obtaining reliable genetic parameters and high accuracy of estimated
breeding values is essential in genetic improvement programs, especially for traits with
low heritabilities, such as the reproductive ones.

Historically, in animal populations, estimated breeding values have been calculated from
phenotype and pedigree information and extended literature exists, however, genomic
estimates are expected to be more accurate because they do not depend on the quality
and completeness of the pedigree. The single-step genomic best linear unbiased
prediction (ssGREML) method allows the inclusion of information from genotyped and
non-genotyped relatives in the analysis, along with phenotypes, improving the accuracy
of breeding values estimation (Lourenco et al., 2020).

Then, this study aimed to compare reliabilities for some conformational and reproductive
traits between classical approach with pedigree-based REML and single-step genomic
REML in PRE horse breed.

The datasets used in this study were provided by the Royal National Association of
Spanish Horse Breeders (ANCCE). Data consisted on 7152 conformation and 11,798
reproductive records. The total number of animals in the pedigree used for the genetic
and genomic evaluations was 41,888. A total of 2,916 individuals were genotyped with
medium density GGP Equine Array (NEOGEN), including over 70,000 evenly distributed
SNPs. The raw genotype data was filtered using PLINK software v1.9: SNPs with call-
rate > 0.95 were retained. The final genomic data included 61,271 SNPs located on
autosomal and X chromosomes. Measurements from five conformation zoometric traits
were analysed: scapular-ischial length (SiL), length of back (LB), dorso-sternal diameter
(DsD), thoracic perimeter (TP), and perimeter of anterior cannon bone (PACB). Also,
the following seven traits were considered as measures of mare’s fertility: age at first
foaling (AFF), age at last foaling (ALF), average interval between foaling (AIF), total
number of foalings (NF), interval between first and second foaling (IF12), productive
life (PL) and reproductive efficiency (RE).
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The following animal model was fitted to analyze conformation and reproductive traits
separately:

y=Xb+Za+e

where y is the vector of observations of conformation and reproductive traits; b is the
vector of fixed effects (for conformation traits: sex, age, coat colour and geographical
area; for reproductive traits: classical inbreeding coefficient and age at last foaling as
linear covariables, coat colour, geographical area and birth stud size); a is the random
additive genetic effect, and e is the random residual effect. X and Z are incidence
matrices relating observations to fixed and random additive genetic effects, respectively.

The additive genetic effect was modeled using two kinds of genetic covariance
structures: for the classical evaluation, a matrix A that denotes the pedigree-based
additive genetic relationship was used, and, for ssGREML, the A matrix was replaced
by H, the pedigree-genomic relationship matrix. H was derived by blending A with the
genomic relationship matrix G calculated using (VanRaden, 2008) as follows::

G=095— "%

—— + 0.05A
2%, p;(1-p)) ¥

where, n is the number of SNP markers and p, is the allele frequency of marker i, A is
the pedigree relationship matrix, and S is a centred incidence matrix of SNP markers.

Variance components, estimated breeding values (EBVs) and genomic estimated
breeding values (GEBVs) were estimated applying a restricted maximum likelihood
(REML) and ssGREML approaches for conventional and genomic evaluations,
respectively. Analyses were performed with the HiBlup v1.3.1 (Yin et al., 2023) and
the BLUPF90+ (Lourenco et al., 2022) programs for conformation and reproduction
traits, respectively..

This study has established, for the first time, a genomic evaluation using a single-step
approach with a combined relationship matrix for conformation and female fertility in
PRE horse.

Heritabilities were similar in both methodologies being high for conformation and low
for reproductive traits. Their estimates ranged between 0.34 to 0.64 (DsD and SiL,
respectively) for conformation traits and 0.02 to 0.23 (IF12 and AFF-RE, respectively)
for the reproductive ones. In the literature, high heritability estimates were reported
for conformation traits in horse breeds (Solé et al., 2014 in Menorca horse population;
Gomez et al., 2021 in PRE horse breed; Vosgerau et al., 2022 in German Warmblood
horses). However, for fertility, lower heritability values were observed (Mantovani et
al., 2020; Perdomo-Gonzalez et al., 2021).

The gain in reliability (R2) between REML and ssGREML estimates of conformation and
reproductive traits is shown in Table 1. Our results indicated a gain for ssGREML over
REML evaluations and that gain was even greater in the case of conformation traits. The
overall increase (considering all the animals in the pedigree) oscillated between 7.8%
and 27.83% for conformation, and between 1.99% and 4.29% for reproductive traits.

Moreover, for conformation traits, more detailed information about the gain for
ssGREML over REML using some criteria (sex, number of foals per sire, etc) is provided
in Table 2. This gain was greater in mares (from 7.8% to 29.2%) than in stallions, and
in genotyped animals (from 15% to 41%) compared to non-genotyped (from 6.8% to

Estimation of genetic

parameters, EBVs
and GEBVs

Results and
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Table 1. Gain in reliability (R2) betweer REML and SSGREML estimates of conformation and
reproductive traits in the PRE horse.

Conformation traits

Reproductive traits

Trait
SiL
LB
DsD
TP
PACB
PPm
EUPmM
IMPm
NP
112m
VPm
ER

R? REML R? SSGREML Gain(%

26.1%). In addition, stallions with less than 40 controlled foals or having a previously
low REML reliability a greater gain was observed.

The impact of genomic breeding values (GEBVs) on the accuracy of EBVs has
been analysed in previous studies (Haberland et al., 2012; Vosgerau et al., 2022).
Haberland et al. (2012) observed that, for animals with a large number of progeny
records available, additional gain in accuracy from GEBV is small. In the same way,
in the study of Vosgerau et al. (2022) about withers height, the increase in reliability
was greater for animals with a small number of offspring.

Figure 1 represented the plot of the estimates of reliability for single-step GREML
(R2_SSGREML) versus reliability for REML (R2_REML) in the trait with the higher
overall gain for conformation and fertility, DsD and IF12, respectively. It was clearly
noticeable that when the reliability of the animal was previously very low, a greater gain
was reached for the DsD trait (Figure 1.A). However, for IF12, the gain in reliability was
even unfavorable for animals that already have low reliabilities estimates for REML

(Figure 1.B).

In general, this study demonstrated the effectiveness of the genomic approach for the
routine genetic evaluations of conformation and reproduction traits in the PRE horse
breed. The single-step method is an appealing approach for practical genomic prediction
in PRE horses, because not many genotypes are available yet in this breed and animals
without genotypes can by this way directly contribute to the estimation system..

Table 2. Gain in reliability (R?) between REML and ssGREML estimates of conformation traits
based on different criteria in the PRE horse.

Criteria

Sex

Stallion N°of
foals

Genotyped

Reliability
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Table 2. Gain in reliability (R?) between REML and ssGREML estimates of conformation traits
based on different criteria in the PRE horse.

Criteria TP
_ Stallions 221

Mares . 24.3
Stallion N°f 40 or more . . 13.3
foals Less than 40 . . 22.4
\[o] 21.8
Yes 35.1
>=0.6 11.1
<0.6 . 38.8

Sex

Genotyped

Reliability

Scatterplot of R2_SSGREML against R2_REML DSD Scatterplot of R2_SSGREML against R2_REML 11_2m
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Figure 1. Estimates of reliability for single-step GREML (R2_SSGREML) versus reliability for REML
(R2_REML) of the dorso-sternal diameter conformation (A) and interval between first and second
foaling reproductive (B) traits.
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