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Genetic susceptibility to scrapie, a fatal disease of sheep and goats, is modulated by polymorphisms in the
prion protein (PrP). Neither the frequency of the PrP genotypes nor their association with animal perfor-
mance has been investigated in a large multibreed Irish sheep population. Scrapie genotypes were avail-
able on 16 416 animals; the breeds represented included purebred Belclare (733), Charollais (333),
Suffolk (739), Texel (1 857), Vendeen (191), and crossbreds (12 563). Performance data on lambing, lamb
and ewe performance as well as health traits were available. The association between alternative
approaches of describing the PrP genotype (i.e. 15 individually called PrP genotypes, five genotype classes
representing susceptibility to scrapie, or number of ARR haplotypes) and animal performance were quan-
tified using animal linear mixed models. All 15 of the possible scrapie genotypes were detected, although
the frequency differed by breed. The frequency of the five PrP haplotypes in the entire population were
0.70 (ARR), 0.15 (ARQ), 0.11 (ARH), 0.02 (AHQ) and 0.01 (VRQ); the most susceptible haplotype (VRQ) was
only detected in purebred Texels and crossbreds. No association was detected between the PrP genotype
of either the animal or dam and any of the lambing traits (i.e. lambing difficulty score, perinatal mortality
and birth weight). With the exception of ultrasound muscle depth, no association between the PrP geno-
type and any of the lamb performance traits (i.e. lamb BW and carcass) was observed. Lambs carrying the
category four PrP genotype (i.e. ARR/VRQ) had 1.20 (SE = 0.45) mm, 1.38 (SE = 0.12) mm, 1.47 (S = 0.25)
mm shallower ultrasound muscle depth relative to lambs of the less susceptible scrapie categories of 1, 2,
3, respectively (P < 0.05). Nonetheless, no association between PrP genotype and lamb carcass conforma-
tion, the ultimate end goal of producers, was detected. Ewe litter size, body condition score or lameness
did not differ by PrP genotype of the ewe (P > 0.05). For ewe mature BW, ARH/VRQ ewes differed from
most other ewe PrP genotypes and were, on average, 3.79 (SE = 1.66) kg heavier than ARR/ARR genotype
ewes. Lamb dag score differed by dam PrP genotype (P < 0.05), although the differences were small.
Results from this study show that scrapie is segregating within the Irish sheep population, but the PrP
genotype was not associated with most traits investigated and, where associations were detected, the
biological significance was minimal. This suggests minimal impact of selection on PrP genotype on per-
formance, at least for the traits investigated in the present study.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

The frequency of each prion protein genotype across a large
multibreed sheep population demonstrates that the prion protein
genotype is segregating within the population. The most suscepti-
ble haplotype (VRQ) was only detected in the Texel and crossbred
population, albeit at a low frequency (0.01). The lack of any real
biologically significant association between the prion protein
genotype and a whole series of animal performance traits suggests
minimal impact of selection for prion protein genotype on perfor-
mance, at least for the traits investigated in the present study.

Introduction

Scrapie, a fatal disease of sheep and goats, is a transmissible
spongiform encephalopathy (TSE). Scrapie is distinct from other
TSEs such as bovine spongiform encephalopathy in cattle or
Creutzfeldt-Jacob in humans, as it is naturally transmissible in
the wild between sheep and goats. Genetic susceptibility to scrapie
in sheep is modulated by polymorphisms in the prion protein (PrP)
gene all residing on three codons (Belt et al., 1995). The resulting
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PrP genotype has been shown to be associated with an animal’s
susceptibility to scrapie, with the ARR haplotype associated with
resistance, while the ARQ, ARH, VRQ haplotypes are associated
with a reduced level of resistance (Hunter et al., 1994; Dawson
et al., 1998).

Since the outbreak of BSE in the 1990s, and its potential threat
to human health, breeding programmes were implemented in
many EU countries with the aim of increasing the frequency of
the resistant PrP haplotypes in sheep and goat populations. Such
a scheme was introduced in Ireland in the year 2002, but the
scheme ceased prior to the complete eradication of the most sus-
ceptible PrP genotypes, however, the frequency of the PrP geno-
types in a large multibreed national population remains
relatively unknown.

Although the relationship between PrP genotype and animal
performance has been investigated previously, such studies have
tended to be based on a limited number of traits or were estimated
using relatively small datasets; moreover, these studies tended to
focus on a specific trait or breed (De Vries et al., 2005; Sawalha
et al., 2007; Sweeney et al., 2007) or when national eradication
programmes were in operation (Moore et al., 2009), the latter
impacting the genotype frequency. The objective of the current
study, therefore, was first to establish the frequency of the PrP
genotypes in a large multibreed sheep population and secondly,
to quantify the association, if any, between the PrP genotype and
a suite of animal performance traits. Results from this study would
be useful in ascertaining whether a new national scrapie monitor-
ing scheme is required and the impact of introducing a scrapie
eradication scheme on animal performance and, ultimately farm
profitability.
Material and methods

Data

Scrapie genotypes were available on 16 418 unique lambs and
sheep from 252 flocks born between the years 2004 and 2019,
inclusive. Performance data on a range of animal-specific events,
including date of birth, lambing data, lamb BW records, ewe per-
formance parameters on ewe BW, body condition score (BCS)
and litter size, were also available. All data originated from the

Irish national sheep database hosted by Sheep Ireland (https://

www.sheep.ie).

PrP genotypes
The PrP genotype of each animal was generated from one of two

commercially available single nucleotide polymorphism (SNP)
medium density genotype panels, namely the Illumina Ovi-
neSNP50 v2 Beadchip or the AxiomTM Ovine Genotyping 50 K Array.
The SNPs on both panels focused on the polymorphic codons 136
(A/V), 154 (R/H) and 171 (Q/R/H) to identify five main scrapie hap-
lotypes ARR, ARH, ARQ, AHQ and VRQ. The calling of the scrapie
genotypes from both panels were validated against the gold stan-
dard scrapie genotyping from ISO-accredited laboratories based
on Sanger sequencing. In brief, 28 animals diverse for scrapie geno-
types based on the gold standard scrapie genotype were sent
blindly to an accredited genotyping laboratory for genotyping on
the SNP panel; the samples were also re-tested in the same labora-
tory for scrapie genotyping using Sanger sequencing. One hundred
percent concordance was obtained between the called scrapie
genotypes from the SNP panel and those from the Sanger sequenc-
ing in the approved laboratory.

Of the dataset of 16 416 animals in the present study, a total of
15 PrP genotypes were called using one of the two validated SNP-
based platforms (Table 1). The purebred status of each animal
2

recorded as purebred in the national sheep database was verified
using principal component analysis of the SNP data. The resultant
PrP genotypes were also grouped into the five main genotype cat-
egories reflective of their perceived resistance to scrapie and repre-
sentative of the reporting strategy commonly used to breeders
(Table 1). The frequency of the five PrP haplotype was calculated
for the entire population but also within each breed separately.
In addition, the number of ARR haplotypes carried per animal
was also calculated for subsequent use in the association analyses;
animals were defined as having two copies (i.e. ARR/ARR), one copy
(ARR/XXX) or 0 copy (XXX/XXX) based on the number of ARR hap-
lotypes carried by each animal, where XXX represents any geno-
type other than ARR.

Lambing performance
Three lambing traits were considered in the present study:

lambing difficulty score, lamb perinatal mortality and lamb birth
weight. Lambing difficulty score is recorded in Ireland by produc-
ers for each lambing event on a scale of 1–4 as: 1 = no lambing
assistance /unobserved, 2 = voluntary assistance, 3 = slight assis-
tance and 4 = severe assistance (including caesarean). Lamb mor-
tality is recorded by producers based on whether the lamb was
alive (mortality = 0) or dead (mortality = 1) within 24 h of birth;
genotype information was also available on 314 stillborn lambs.
Lamb birth weight is recorded by producers using a weighing scale
within 24 h of birth; only lambs with a recorded BW at birth
between 2 and 9 kg were retained for analysis. For all lambing
traits, contemporary groups were defined as flock-by-week of
lambing (McHugh et al., 2017); only contemporary groups with
at least five lambs were retained.

Lamb performance
Lamb BW recorded preweaning, at weaning and postweaning

were also available; data editing was undertaken as described by
McGovern et al. (2020) for an Irish sheep population. In brief,
preweaning weight was defined as the BW taken between 20
and 65 days of age; only records of lambs weighing between 12
and 32 kg were retained. Weaning weight was defined as the BW
recorded between 66 and 120 days of age; only BW records
between 20 and 55 kg were retained. Postweaning weight was
defined as BW measured between 121 and 180 days of age; only
lambs with BW records between 25 and 65 kg were considered.
Muscle and fat depth were also measured on a subset of animals
when weighing the animal postweaning; only muscle depth mea-
surements between 20 and 35 mm and fat depth measures
between 1 and 15 mm were retained. For all BW and ultrasound
observations, each lamb was allocated to a contemporary group
of flock-date of weighing or measurement (McGovern et al.,
2020). For both BW and ultrasound, only records from contempo-
rary groups with at least five records were retained.

Lamb carcass
Carcass data including date of slaughter, carcass weight, carcass

conformation and carcass fat were also available on a subset of
4 256 lambs slaughtered between 95 and 365 days of age. For all
carcass traits, lambs were allocated to two contemporary groups;
the first contemporary group was defined as flock-week of birth
and the second contemporary group was defined as abattoir-date
of slaughter; only contemporary groups with at least five records
were retained.

Ewe performance
Ewe BCS was evaluated by producers on a one (emaciated) to

five (over fat) point scale (Jefferies, 1961) in increments of one unit
as described by O’Brien et al. (2017). Ewe BW was defined as the
weight of a female who had at least one recorded lambing event;

https://www.sheep.ie
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Table 1
Number of animal records (n), mean (l; SD in parenthesis), number of sheep flocks, number of contemporary groups (CG), number of sires and dams for each trait.

Trait Group Trait n l (SD) No. Flocks No. CG No. Sires No. Dams

Lambing
Lambing Difficulty Score (1–4)1 10 069 1.71 (0.92) 50 279 526 5 111
Perinatal Mortality (%) 9 098 3.47 (18.31) 48 253 493 4 752
Birth Weight (kg) 10 223 4.82 (1.10) 50 284 531 5 200

Lamb Performance
Preweaning weight (kg) 9 128 19.96 (3.90) 55 188 554 5 311
Weaning weight (kg) 9 519 33.72 (5.76) 57 201 549 5 455
Postweaning weight (kg) 6 098 42.19 (6.70) 49 176 462 3 844
Muscle depth (mm) 2 757 29.57 (3.73) 45 126 342 2 133
Fat depth (mm) 2 776 5.95 (1.72) 45 125 341 2 140

Lamb Carcass
Carcass weight (kg) 4 256 20.74 (1.74) 11 74 192 2 575
Carcass conformation (1–5)2 4 256 3.37 (0.49) 11 74 192 2 575
Carcass fat (1–5)2 4 256 2.58 (0.55) 11 74 192 2 575
Age at slaughter (day) 4 256 199.96 (59.77) 11 74 192 2 575

Ewe Performance
Body condition score (1–5)3 2 404 3.45 (0.93) 20 36 230 861
Mature weight (kg) 28 790 68.98 (14.01) 70 565 708 4 795
Litter Size (1–4) 8 148 1.87 (0.73) 51 407 523 3 024

Health
Dag score (1–5)4 19 896 3.59 (0.87) 60 272 644 4 506
Ewe lameness (%) 6 118 8.83 (28.37) 23 93 354 1 557
Lamb lameness (%) 10 589 7.79 (26.80) 21 69 277 3 005

1 Score 1 (no assistance) to 4 (significant assistance).
2 Score 1 (poor conformation/low fat cover) to 5 (excellent conformation/high fat cover).
3 Score 1 (emaciated) to 5 (over fat).
4 Score 1 (faecal soiling and dags covering the breech area) to 5 (no faecal soiling).
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only recorded ewe BW between 45 and 120 kg were retained
(McHugh et al., 2019). Ewe litter size was defined as the number
of lambs born per litter for each lambing event; only ewe litter
sizes between one (singles) and four (quadruplets) were consid-
ered. For ewe BCS and BW, contemporary group was defined as
flock-by-date of scoring or weighing (O’Brien et al., 2017). For
ewe litter size, contemporary group was defined as flock-by-
week of lambing. For all ewe performance traits, only contempo-
rary groups with at least five records were retained for analysis.
Health
Dag score for lambs and ewes was assessed by trained techni-

cians on a five-point scale (1 = no faecal soiling to 5 = faecal soiling
and dags covering the breech area and extending down the hind
legs towards the pasterns) described by O’Brien et al. (2017). Lame-
ness was assessed by trained technicians as lame (lame = 1) or not
(lame = 0; O’Brien et al., 2017); in the present study, lameness in
ewes and lambs was treated as a separate trait (O’Brien et al.,
2017). For the health traits (i.e. dag score, ewe lameness and lamb
lameness), contemporary group was defined as flock-by-date of
health recording (O’Brien et al., 2017). For the binary traits of
ewe and lamb lameness, only contemporary groups with at least
one recorded incidence of lameness were retained for analysis.
Across all health traits, only contemporary groups with at least five
records were retained for analysis.

Information was also available on dam parity number (or ewe
parity for traits of the ewe herself), as well as animal breed compo-
sition and both heterosis and recombination loss coefficients of
each animal and its dam. Ewe or dam parity was categorised as
1, 2, 3, 4, 5, 6 or � 7. Age of the ewe or dam at first lambing was
categorised as lambing either: 1) between 8 and 18 months of
age, or 2) between � 18 and 28 months of age as per McHugh
et al. (2016). Animals were grouped into distinct classes based on
their breed proportion as: purebred Belclare, Charollais, Suffolk,
Texel and Vendeen; all other animals were considered as cross-
bred. Heterosis and recombination loss coefficients were calcu-
lated for each animal (and dam) as 1�Pn

i¼1sirei � dami and
3

1�Pn
i¼1

sire2i þdam2
i

2 , respectively, where sirei and dami are the propor-
tion of breed i in the sire and dam, respectively. The numbers of
records available for each trait are shown in Table 1.

Association analyses

All associations were undertaken using animal linear mixed
models in ASReml (Gilmour et al., 2009), with a direct genetic
and, where appropriate, a maternal genetic and a dam permanent
environmental effect included as random effects in all models.
Relationships among animals were accounted for using the numer-
ator relationship matrix; the number of animals in the pedigree
differed per trait but varied from 15 690 (ewe lameness) to
30 338 (weaning weight). In all models, the association between
the three alternative approaches to depicting the PrP genotype
(i.e. the 15 called PrP genotypes, the five genotype categories, or
the number of ARR haplotypes) were separately investigated;
where a maternal effect was suspected, both the genotype of the
lamb and the dam were both included in the statistical model. Fur-
thermore, in all models whether the association between the PrP
genotype and the dependent variable differed by breed class of
both the animals (and dam for lamb traits) was investigated; ani-
mal (and dam for lamb traits) breed class was either Belclare,
Charollais, Suffolk, Texel, Vendeen or crossbred.

Lamb traits
Irrespective of which of lamb traits (lambing, BW, carcass or

health traits) was under investigation, fixed effects included in
all models were PrP genotype of both the lamb and dam, lamb birth
type (single, twin, triplet or quadruplet), sex of the lamb (male or
female), contemporary group, parity of the dam (1, 2, 3, 4, 5, 6,
or � 7), age at first lambing of the dam (8 and 18 months of age
or � 18 and 28 months of age), and the heterosis and recombina-
tion loss coefficients of both the lamb and the dam. For all lamb
BW, carcass and health traits, the rearing type of the lamb (single,
twin or triplet) and the age of the lamb when recorded for BW and
health or when slaughtered were also included in the model. A
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maternal genetic and dam permanent environmental effect was
considered alongside a direct genetic effect as random effects in
all lamb trait models.

Ewe traits
A repeatability model was used to test the association between

the PrP genotype and each of the three ewe traits (i.e. ewe BW, ewe
BCS and ewe litter size). Across all models, the fixed effects were
the PrP genotype of the ewe, contemporary group, parity of the
ewe (1, 2, 3, 4, 5, 6, or � 7), age at first lambing of the ewe (8
and 18 months of age or � 18 and 28 months of age), and the
heterosis and recombination loss coefficients of the ewe. For ewe
BW, BCS and health data, the previous litter size and rearing litter
size as well as the days since lambing were also included as fixed
effects. For ewe litter size, the dam age in months relative to the
median age within parity was also tested as a fixed effect.

Results and discussion

All 15 of the possible scrapie genotypes were detected in the
population (Table 2). Across all breeds, the frequency of the five
PrP haplotypes was 0.70 (ARR), 0.15 (ARQ), 0.11 (ARH), 0.02
(AHQ) and 0.01 (VRQ), although they differed (P < 0.05) by breed
(Table 2). The frequency of the ARR haplotype ranged from 0.59
(Texel) to 0.88 (Suffolk), while the frequency of the AHQ haplotype
ranged from 0.00 (Charollais, Suffolk and Vendeen) to 0.03 (Texel
and Crossbreds). The VRQ haplotype was only detected in the Texel
and crossbred population, albeit at a low frequency (0.01). The fre-
quency of the five PrP haplotypes reported in the present study dif-
fers considerably to the frequencies previously reported in 366
Irish Belclare ewes (Sweeney et al., 2007) as well as in other pop-
ulations (Sawalha et al., 2007; L’Homme et al., 2008; Moore et al.,
2009), with a greater frequency of the favourable ARR haplotype
and considerably fewer of the unfavourable VRQ haplotype in the
sample population used in the present study. Although the Irish
national scrapie eradication program ended in 2009, results from
the present study clearly demonstrate that Irish sheep producers,
especially seed stock breeders, have continued to select animals
for the favourable haplotypes (i.e. ARR). Sharing of sheep germ-
plasm is common between Ireland and other European countries,
especially the UK (Fitzmaurice et al., 2022); one of the main criteria
dictating whether importation or exportation of breeding sheep to
and from Ireland is allowed is that, unless animals originate from a
scrapie-monitored flock, animals must have an ARR/ARR scrapie
genotype; this may also help explain the high frequency of the
favourable ARR haplotype in certain breeds.
Table 2
Number of records (n) and percentage of purebred Belclare, Charollais, Suffolk, Texel and Ve
the associated five-class PrP genotype category.

PrP category PrP genotype Belclare Charollais

N 733 333
1 ARR/ARR 69.58 81.08
2 ARR/AHQ 1.50 –

ARR/ARH 5.87 0.60
ARR/ARQ 17.87 17.12

3 AHQ/AHQ – –
AHQ/ARH 0.14 –
AHQ/ARQ 0.14 –
ARH/ARH 0.68 –
ARH/ARQ 1.50 –
ARQ/ARQ 1.91 0.60

4 ARR/VRQ 0.68 0.60
5 AHQ/VRQ – –

ARH/VRQ – –
ARQ/VRQ 0.13 –
VRQ/VRQ – –

4

Across the entire population investigated in the present study,
16 416 animals, 38% of the animals had at least one parent with
a known PrP genotype, with a further 28% of animals having a
known PrP genotype for both parents; of these, only three pairs
of animals (i.e. 0.03%) displayed Mendelian inconsistency. Of all
the performance traits investigated in the present study, no addi-
tive effect of the PrP genotype of the ewe and the lamb was
detected; therefore, the genotypes of the lamb and ewe are here-
after discussed independently.

Previous studies have documented how the relationship
between the PrP genotype and animal performance differed by
breed (De Vries et al., 2004; Hanrahan et al., 2008; Moore et al.,
2009), although such studies generally focused on a limited num-
ber of breeds. With the exception of lamb carcass conformation
and fat, ewe BW and lamb lameness in the present study (Supple-
mentary Table S1 to S4), no interaction between breed and the PrP
genotype existed. Nonetheless, for all four performance traits
where an interaction between breed and the PrP genotype was
detected, the interaction was significant for only one of the three
approaches to depicting the PrP genotype. Moreover the approach
to depicting the PrP genotype that was significant varied between
the four traits; for lamb carcass fat score and ewe BW only the
interaction between breed and the 15 called PrP genotypes was
significant, whereas for lamb carcass conformation score and lamb
lameness, the only breed interaction was detected when PrP was
defined using the five genotype categories. With the exception of
ewe BW, the association between the trait and the PrP genotype
did not persist when across breed associations were investigated.
It is quite likely, therefore, that the detected interactions may actu-
ally be a Type I error attributable to multiple testing.

No association was observed between the PrP genotype of
either the animal or the dam no matter how defined (i.e. the 15
called PrP genotypes, the five genotype categories, or the number
of ARR haplotypes) and any of the lambing traits investigated in
the present study (P > 0.05; Table 3). Few studies have investigated
the association between scrapie genotype and lambing traits,
although no association between scrapie genotype and perinatal
lamb survival has been reported previously (Sawalha et al., 2007;
Hanrahan et al., 2008). Contrasting results have been documented
on the association between scrapie genotype and postnatal lamb
survival (>24 h after birth). Sawalha et al. (2007) reported that
Scottish Blackface lambs carrying the ARQ haplotype had greater
postnatal lamb survival than lambs carrying either the ARR or
AHQ haplotypes. In contrast, Gubbins et al. (2009) found no asso-
ciation between the PrP genotype and lamb survival except in
the Charollais breed but concluded that this association was a little
ndeen, as well as crossbred animals with each prion protein (PrP) genotype along with

Suffolk Texel Vendeen Crossbred

739 1 857 191 12 563
85.93 44.7 79.58 62.64
0.27 2.53 – 2.74
0.14 26.28 – 11.44
13.25 14.54 19.9 17.15
– 0.05 – 0.03
– 0.81 – 0.30
– 0.48 – 0.31
– 4.41 – 0.56
– 4.09 – 1.69
0.41 1.35 0.52 1.21
– 0.54 – 1.50
– – – 0.01
– 0.22 – 0.20
– – – 0.21
– – – 0.01



Table 3
The significance (P-value) of the association between the animal (ani) and dam prion protein (PrP) genotype and each animal performance trait in a sheep population where PrP
genotype was defined as either: the 15 called PrP genotypes (Genotype), the five genotype categories (Category), or the number of ARR haplotypes (Haplotype).

Trait Group Trait Genotype Category Haplotype

Ani Dam Ani Dam Ani Dam

Lambing
Lambing Difficulty Score (1–4)1 0.909 0.671 0.991 0.708 0.914 0.818
Perinatal Mortality (%) 0.952 0.830 0.391 0.204 0.330 0.080
Birth Weight (kg) 0.496 0.391 0.927 0.627 0.852 0.492

Lamb Performance
Preweaning (kg) 0.991 0.100 0.982 0.106 0.999 0.060
Weaning (kg) 0.516 0.104 0.264 0.175 0.376 0.117
Postweaning (kg) 0.207 0.162 0.794 0.514 0.677 0.260
Muscle depth (mm) 0.120 0.382 0.040 0.487 0.756 0.190
Fat depth (mm) 0.806 0.835 0.494 0.988 0.763 0.965

Lamb Carcass
Carcass weight (kg) 0.520 0.812 0.585 0.332 0.262 0.170
Carcass conformation (1–5)2 0.219 0.839 0.107 0.677 0.317 0.435
Carcass fat (1–5)2 0.115 0.355 0.117 0.134 0.06 0.260
Age at slaughter (d) 0.883 0.49 0.499 0.557 0.589 0.344

Ewe Performance
Body condition score (1–5)3 0.367 0.390 0.459
Mature weight (kg) 0.001 0.0009 0.015
Litter Size (1–4) 0.984 0.648 0.638

Health
Dag score (1–5)4 0.257 0.019 0.446 0.069 0.257 0.019
Ewe lameness (%) 0.733 0.823 0.733
Lamb lameness (%) 0.878 0.149 0.549 0.061 0.549 0.060

1 Score 1 (no assistance) to 4 (significant assistance).
2 Score 1 (poor conformation/low fat cover) to 5 (excellent conformation/high fat cover).
3 Score 1 (emaciated) to 5 (over fat).
4 Score 1 (faecal soiling and dags covering the breech area) to 5 (no faecal soiling).

N. McHugh, A.C. O’Brien, T. Pabiou et al. Animal 16 (2022) 100587
consequence; postnatal lamb survival phenotypes were unavail-
able in the present study.

For lamb performance traits, ultrasound muscle depth differed
by the genotype category of the lamb (P < 0.05); lambs of category
four PrP genotype (i.e. ARR\VRH) had on average 1.20 (SE = 0.45)
mm, 1.38 (SE = 0.12) mm, 1.47 (SE = 0.25) mm less ultrasound
muscle depth relative to lambs of categories 1, 2, 3, respectively
(P < 0.05). Hanrahan et al. (2008) detected an association between
lamb ultrasound muscle depth and scrapie genotype of the sire,
albeit the association differed by breed investigated. In addition,
when carcass conformation, the ultimate end goal of producers,
was the dependent variable in the statistical model, no association
with any of the PrP genotype definitions was detected either in the
present study or by others (Hanrahan et al., 2008); the partial cor-
relation between ultrasound muscle depth and conformation (after
adjusting for breed) was 0.11 in the present study. No association
was observed between any of the other lamb performance or lamb
carcass traits with the different PrP genotype definitions (P > 0.05;
Table 3). Similarly, no association between PrP genotype and lamb
lameness was detected (P > 0.05).

Ewe litter size, ewe BCS or ewe lameness did not differ by PrP
genotype of the ewe (P > 0.05). When the PrP genotype of the ewe
was defined based on the 15 individually called PrP genotypes or
the five genotype categories, an association between the ewe PrP
genotype and ewe BW was observed (P < 0.05). Ewes with a PrP
genotype of ARH/VRQ differed from most other PrP genotypes and
were on average 3.79 (SE = 1.66) kg heavier than ARR/ARR geno-
type ewes (P < 0.05); ewe BW for all other PrP genotypes did not
differ from each other (P > 0.05). Relative to ewes with a PrP
genotype category 1 (i.e. ARR/ARR), heavier ewe BW was associ-
ated with category 2 (+0.44 kg), 4 (+1.67 kg) and 5 (+3.87 kg;
P < 0.05). No previous study has investigated the association
between ewe BW and PrP genotype. Nonetheless, PrP genotype
differences in ewe BW in the present study were biologically
5

small representing just 0.64–5.49% of the mean mature ewe BW
of the entire population. In addition, a large proportion of the
ewes in the most susceptible genotype categories (i.e. 4 and 5)
and most especially in the ARH/VRQ genotype were of Texel ori-
gin, either as purebreds or in the case of the crossbred ewes, had
a high proportion of Texel bloodlines. McHugh et al. (2019) have
shown that relative to some of the other breeds commonly used
in Ireland, the Texels have a heavier mature ewe BW although the
inclusion of breed of the ewe in the model should have accounted
for these breed effects in the present study. No association was
observed between the number of ARR haplotypes and ewe BW
(P > 0.05).

Few studies have investigated the association between PrP
genotype and sheep health traits, with most studies tending to
focus on mastitis or somatic cell count (De Vries et al., 2004;
Ligious et al., 2005) while the present study was on meat sheep.
In the present study, an association existed between lamb dag
score and dam PrP genotype when defined using the five PrP
genotype categories and the number of ARR haplotypes. Relative
to lambs born to dams of PrP genotype category 2, a 0.11
(SE = 0.04) lower (i.e. dirtier) dag score was associated with
lambs born to dams of PrP genotype category 3 (P < 0.05). Lambs
born to dams with no copy of the ARR haplotype had, on aver-
age, a 0.10 (SE = 0.02) unit lower dag score compared to animals
born to dams with 1 copy of the ARR haplotype. A maternal
influence on lamb dag score has been observed previously, with
O’Brien et al. (2017) reporting a significant maternal heritability
for lamb dag score in Irish sheep. However, the small differences
in dag score observed between the dam PrP genotypes would
lead the authors to question whether the association between
dam PrP genotype and lamb dag score is of actual biological con-
sequence. Dag score did not differ by any of the genotype defi-
nitions of the lamb or the 15 called PrP genotypes of the dam
(P > 0.05).
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Conclusion

Results from the present study failed to detect any association
between the PrP genotype of either the lamb or dam with 15 of
the 18 performance traits investigated. Where associations were
detected between the PrP genotype and animal performance (lamb
ultrasound muscle depth, lamb dag score and ewe BW), the effects
were biologically small, suggesting that selection for the PrP geno-
type will have little to no consequence on animal performance. The
prevalence of the five PrP haplotypes highlights that some of the
unfavourable haplotypes are still segregating within the Irish
sheep population, albeit at low frequencies; this is especially true
for some breeds (i.e. Texel). Although cognisance of the genetic
merit or genetic diversity should be considered if participants cull
animals with undesirable scrapie haplotypes, the removal of such
animals from the breeding population is not expected to impact
animal performance, at least for the traits investigated in the pre-
sent study. Routine genotyping of seed stock is now available for
all breeders in Ireland and approximately 6 000 seed stock animals
are genotyped annually; this enables the development of a mating
decision support tool for breeders that not only matches potential
sire-dam pairings based on the expectant genetic merit or inbreed-
ing but also on the expectant resultant PrP genotype of the
offspring.
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