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Introduction

Ireland has a long tradition of horse breeding with four native breeds, the Irish Draught (ID),
the Kerry Bog Pony (KBP), the Connemara Pony (CP), the Irish Cob (IRC), and the
performance bred Irish Sport Horse (ISH). The ISH was traditionally an ID or CP crossed with
a Thoroughbred (TB); more recently ISH breeders have incorporated Irish and continental
European warmblood bloodlines to meet evolving sporting demands. The original ISH cross is
now denoted by a Traditional Irish Horse (TIH) suffix within the ISH studbook to distinguish
it from the modern ISH. Selection pressures on each of these breeds, bred for different
morphological and/or economic features, can lead to genomic regions with reduced genetic
diversity and frequent runs of homozygosity (ROH). The extent and frequency of these ROH
can inform on the ancestry of an individual and its population. Therefore, the objective of this
present study was to use SNP genotypes to quantify the genetic diversity within each
population with particular focus on horse breeds of Irish origin and to determine if individuals
from these populations could be identified genetically. Identification of individuals of
unknown origin as a representative of one of these populations can support genetic diversity
by reintroducing genetics that may have been lost to these populations.

Materials & Methods

Genotype data. Single nucleotide polymorphism (SNP) genotype data from 31,507
individuals from multiple horse populations (Table 1) genotyped on the Equine80select
genotyping bead chip (71,248 SNPs) were available for analysis from the already existing
Horse Sport Ireland (HSI) genotype database. These genotypes were obtained from hair
samples from a variety of horse breeds submitted by horse owners registering with the
studbooks administered by HSI. Individuals were removed from the analysis if their breed of
origin was unknown or if they had a genotype call rate <95%. Only autosomal SNPs with a
known location on EquCab 3.0, a call rate >95% and a MAF > 0.01 were retained for analysis.
Following all edits, 59,726 autosomal SNPs remained on 26,290 horses representing 11
populations of horses (Table 1).

Population structure analyses. Prior to performing any analyses of population structure,
pairwise SNP pruning was conducted using PLINK 1.9 to remove one locus from each SNP
pair where LD (%) exceeded 0.1 within a sliding window of 50 SNPs. Following pruning, a set
of 8,527 SNPs were available for analysis. Principle component analysis (PCA) was conducted
using PLINK 1.9 and PCA plots were constructed from the first three principal components.
To analyse the population structure within breeds, model-based clustering was performed using
ADMIXTURE. The cross-validation procedure in ADMIXTURE, considered values of K from
4 to 10, was used to determine the most likely number of genetic populations in the analysis.

Runs of Homozygosity. Runs of Homozygosity (ROH) were identified using a sliding window
approach in PLINK 1.9 in each of the 11 populations. Each sliding window contains 50 SNPs
and moves in one SNP intervals across the entire genome to estimate homozygosity. The
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minimum number of SNPs (1) needed to create a ROH window was estimated using the method
proposed by Lencz et al. (2007):
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where a is set to 0.05, the acceptable percentage of false positive ROH, ns is the number of
SNPs per individual and n; is the number of individuals, het is the mean SNP heterozygosity
across all SNPs. Based on this calculation, a minimum run length of 56 SNPs was required. A
maximum of two SNPs with a missing genotype and one possible heterozygous SNP was
permitted per ROH. A minimum SNP density of one SNP per 100kb, a minimum ROH length
of IMb, and a gap length between consecutive homozygous SNPs of 250kb in a ROH were
set.

Table 1. The sample size (N), mean number of ROH, the mean length of ROH, and mean
ROH-based inbreeding coefficients within each population with standard deviation in
parenthesis.

Mean Number of Mean ROH

Population N ROH Length (Mb) Mean Frou %
Belgian Warmblood 120 32.31(7.19) 4.59 (0.91) 6.01 (2.24)
Connemara Pony 189 24.82 (6.24) 5.92 (1.12) 5.89 (1.94)
Holsteiner 91 36.42 (7.92) 5.17 (0.96) 7.57 (2.51)
Irish Draught 4,777 22.34 (5.53) 4.93 (1.10) 4.45 (1.69)
Irish Cob 451 40.66 (8.42) 4.98 (1.12) 8.21 (3.17)
Irish Sport Horse 15,512 32.07 (9.93) 4.46 (0.72) 5.77 (2.16)
Irish Sport Horse -

Traditional Trish Horse 3,539 31.83 (15.08) 4.51 (0.79) 5.86 (3.20)
Kerry Bog Pony 305 12.78 (6.29) 5.40 (2.15) 3.05 (2.99)
Dutch Warmblood 336 31.41 (6.60) 4.63 (0.77) 5.84 (1.74)
Thoroughbred 792 77.73(8.22) 5.03 (0.51) 15.60 (2.29)
Zangersheide 178 32.05 (6.25) 4.73 (0.86) 6.11 (1.88)

Results & Discussion

Population structure. The PCA successfully separated out the population clusters based on
the genotypic data (Figure 1) with the first and second principal components accounting for
27.22% and 11.37% of the variation, respectively. The cross-validation procedure in
ADMIXTURE indicated the most probable number of inferred populations in the dataset was
6. In the PCA, the continental European warmblood populations, Belgian Warmblood (BWP),
Dutch Warmblood (KWPN), Holsteiner (HOLST), and Zangersheide (ZANG), had
overlapping clusters that were indistinguishable from one another (Fig. 1). The population
structure of these breeds under admixture analysis were also similar. This was unsurprising as
the origins of the BWP, ZANG, and KWPN studbooks were known to be heavily influenced
by HOLST stallions and that crossbreeding between these breeds is still very common.

The native Irish breeds of CP, KBP, IRC, clustered closely on the PCA and had a similar
makeup on the admixture plot, with the main difference being in the proportions of each
population within the breeds. The ID clustered midway between the native breeds and the TB.
All four breeds have origins in Ireland but have been selected for very different purposes. The
KBP is a small pony, standing at only 11hh that is widely used for driving rather than riding.
The CP is renowned worldwide as a popular riding and competition pony. The IRC studbook
is a relatively new studbook, founded in 1998 but has a lengthy history within Irish Traveller
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Communities where lineages would traditionally have been passed down verbally. The ID is a
large draught breed that was originally bred for farmwork and driving but is now a successful
riding and performance breed. All 4 of these breeds are thought to be descendant from the
medieval Irish horse, known as the Irish Hobby, which is believed to have also contributed to
the TB (McGivney et al., 2023).
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Figure 1. Principal component analysis for all populations where a) contains only the
‘purebred’ populations b) includes the Traditional Irish Horse and c) includes the Irish Sport
Horse.

The TB was the least admixed population while the ISH was the most. The TB has over 4
centuries of history as a closed studbook with no crossbreeding allowed and where it has been
subject to intense selection for athletic performance, particularly for racing (Gu et al., 2009).
In comparison, the ISH studbook was founded in 1970, allows crossbreeding with different
sport horse breeds including Irish native breeds, and other performance studbooks who
maintain similar performance breeding goals. More recently, the ISH studbook has experienced
an influx of warmblood bloodlines in the last number of years owing to the evolving sporting
and market demands. In 1990, only 1.1% of foals registered in the ISH studbook were by
foreign-bred stallions (McGivney et al., 2023); by 2024, this had risen to 53.8%. In the PCA
analysis, the ISH population had individuals overlapping with all populations except the KBP,
reflecting the crossbred nature of the ISH population.

In 2017, the TIH designation was introduced into the ISH studbook to distinguish the
traditionally bred ISH, from the warmblood cross that has become popular. To be designated
a TIH, a horse’s pedigree must only contain ancestors from the CP, ID, or TB populations and
any ISH ancestors must have no unrecorded ancestors born after 1982. The 1982 cutoff was
introduced as the first warmblood cross registered in the ISH studbook was born in this year.
The TIH population was spread along the same axis as the ID, CP, and TB in the PCA analysis
distinguishing it genetically from the ISH with warmblood ancestry. The TIH was also
distinguishable from the ISH in the admixture plot as the influence of the TB and ID breeds
and the lack of warmblood influence was clearly visible. This differences support the previous
findings of McGivney et al. (2023) on a much larger scale and may lead to the introduction of
a genomic test to identify TIH animals and to support the preservation of this unique sport
horse within the ISH breed.

Runs of Homozygosity. Runs of Homozygosity were observed on all autosomes in all
populations, however the frequency and location of the ROH varied by both individual and
breed. The mean number of ROH varied widely between populations (Table 1) with the lowest
mean ROH-based inbreeding coefficient (Fron) in the KBP (3.05%) and the highest in the TB
(15.60%). These estimates for Fron in the KBP and TB are comparable to previously reported



estimates for genomic inbreeding in these populations (Flynn et al., 2020). The ISH and TIH
both had estimates of mean Fron greater than 5% despite both populations being predominantly
crossbred. The highest estimate of inbreeding in an individual was an ISH with a Fron of 35%.
This level of inbreeding is indicative of a mating closer than what would occur between parent-
child or half siblings, continued inbreeding at this level can lead to inbreeding depression, and
a decline in overall health of the population and should generally not be encouraged.

The IRC had the highest mean Fron of the Irish breeds (8.21%). Due to the origin of this breed,
the majority of IRC animals are missing recorded pedigree information with many gaps in their
ancestry so the likelihood of accidental inbreeding in this population is quite high. The
introduction of genomic measures of inbreeding to this studbook will enable breeders to make
more informed breeding decisions surrounding their animals.

Mean ROH length was comparable across all breeds however, the proportion of ROH length
varied across the populations. Only the KBP had less short (0-5Mb) ROH than extremely long
ROH (>20Mb) suggesting this breed has been subject to more recent inbreeding than historical
inbreeding. The KBP was first officially recognised as a breed in 2006 (Gu et al., 2009) with
origins in the Irish Hobby Horse and relatedness to Shetland and Welsh Ponies. The KBP is
considered a critically endangered rare breed, with an average of 50 foals registered a year
within this closed population. Despite the recent inbreeding in this population the mean Fron
is approximately half the 6.25% inbreeding that is generally deemed acceptable in other
livestock breeds but continued monitoring of inbreeding will be paramount in ensuring the
longevity of this important rare breed.

Conclusions

The population structure of the Irish horse breeds, CP, ID, KBP, IRC, ISH, and TIH, was
analysed and clear distinctions were identified between each population group. Genomic
analysis of an individual where its ancestry is unknown may be useful for determining its breed
of origin. Identification of such individuals will help to conserve the genetic diversity of the
rare breeds as this individual would have been historically lost to the population as many horse
studbooks only allow registration of progeny from particular breeds. Furthermore, genomic
inbreeding of several Irish horse breeds was quantified. This information will be useful to
support Irish horse breeders in making more informed breeding decisions where horses with
missing or unreliable ancestry information are being bred.
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