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Abstract

Crossbreeding plays a pivotal role within pig breeding programmes, aiming to
maximize heterosis and improve reproductive traits in crossbred maternal lines.
Nevertheless, there is evidence indicating that the performance of reciprocal
crosses between two genetic lines might exhibit variability. These variations in
performance can be attributed to differences in the correlations between gametic
effects, acting as either sire or dam, within purebred and crossbred populations.
To address this issue, we propose a multivariate gametic model that incorporates
up to four correlated gametic effects for each parental population. The model
is employed on a data set comprising litter size data (total number of piglets
born—TNB- and number of piglets born alive—NBA-) derived from a reciprocal
cross involving two Iberian pig populations: Entrepelado and Retinto. The data
set comprises 6933 records from 1564 purebred Entrepelado (EE) sows, 4995
records from 1015 Entrepelado x Retinto (ER) crosses, 2977 records from 756
Retinto X Entrepelado (RE) crosses and 7497 records from 1577 purebred Retinto
(RR) sows. The data set is further supplemented by a pedigree encompassing
6007 individual-sire-dam entries. The statistical model also included the order
of parity (with six levels), the breed of the service sire (five levels) and the herd-
year-season effects (141 levels). Additionally, the model integrates random
dominant and permanent environmental sow effects. The analysis employed
a Bayesian approach, and the results revealed all the posterior estimates of the
gametic correlations to be positive. The range of the posterior mean estimates
of the correlations varied across different gametic effects and traits, with a range
between 0.04 (gametic correlation between the paternal effects for purebred and
the maternal for crossbred in Retinto) and 0.53 (gametic correlation between
the paternal effects for purebred and the paternal for crossbred in Entrepelado).
Furthermore, the posterior mean variance estimates of the maternal gametic
effects were consistently surpassed those for paternal effects within all four
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1 | INTRODUCTION

The Iberian pig breed is renowned for its adaptability to
the natural Mediterranean ecosystem in Southwestern
Spain, as well as its product quality (Lopez-Bote, 1998).
Despite the Iberian pigs exhibit slower growth, lower feed
efficiency and reduced prolificacy compared to other com-
mercial pig populations, their meat quality (Gilles, 2009)
and specialized derivative products contribute to their
sustainability. However, in recent decades, the traditional
extensive production methods that solely relied on pure-
bred Iberian individuals have been partly replaced by in-
tensive farming practices involving crossbreeding with
Duroc pigs. The rationale behind this crossbreeding is to
enhance growth and efficiency (Serrano et al., 2008). This
shift towards intensive farming has yielded several advan-
tages, such the collection of productive data and the imple-
mentation of genetic selection programmes. It is important
to note that regulatory norms governing the production of
Iberian pig products stipulate that the sow must belong to
a pure Iberian lineage. This highlights the importance of
improving the reproductive efficiency of Iberian sows to
ensure the economic sustainability of the breed.

INGA FOOD S.A. is a Spanish company specializing in
the production and distribution of premium pig products.
As part of their breeding programme, they have successfully
developed a hybrid Iberian sow called CASTUA. This hybrid
sow is the result of crossbreeding between the Retinto and
Entrepelado populations of the Iberian breed. Through this
crossbreeding, the CASTUA hybrid sow exhibit improved
litter size traits due to heterosis, as confirmed by Noguera
et al. (2019). Furthermore, INGA FOOD S.A. is actively im-
plementing a breeding programme with the aim of further
enhancing litter size based on the performance of purebred
individuals. The foundation of this programme is built upon
the assumption of a positive genetic correlation between the
performance of purebred and crossbred pigs (Wientjes &
Calus, 2017). This hypothesis finds support in a preceding
study (Srihi et al., 2022) that quantified the genetic correla-
tion between the performance of purebred and crossbred
animals within the Entrepelado and Retinto populations.

Furthermore, as highlighted by Noguera et al. (2019),
variations in the performance of reciprocal crosses suggest
that the gametic contribution to genetic variance may di-
verge when the populations act as either sires or dams in

populations. The results suggest the possible influence of imprinting effects on
the genetic control of litter size, and underscore the importance of incorporating
crossbred data into the breeding value predictions for purebred individuals.

crossbreeding, gametic correlation, parent of origin, reciprocal cross

the crossbreeding process (Srihi et al., 2023). While previous
literature has employed gametic models to identify differ-
ences in parent-of-origin effects (Meyer & Tier, 2012; Varona
et al., 2015), to the best of our knowledge, these models have
not been previously implemented within the context of
crossbreeding. Hence, the goal of this study was to develop
a multivariate gametic model encompassing both paternal
and maternal gametic effects for purebred and crossbred
performance. This framework will enable the estimation of
gametic correlations between these effects. Additionally, the
model will also incorporate a dominance effect.

2 | MATERIALS AND METHODS

The data set used in this study consisted of a total of
22,402 records for two reproductive traits: total number
of piglets born (TNB) and number of piglets born alive
(NBA). These records were collected from 4912 sows
that were part of a complete diallelic experiment involv-
ing two strains of the Iberian pig breed: Retinto (RR) and
Entrepelado (EE). Additionally, the data set included
their reciprocal crosses: Entrepeladox Retinto (ER) and
Retinto X Entrepelado (RE). Along with the phenotypic
data, a pedigree containing 6007 individual-sire-dam en-
tries was included for genetic analysis. Table 1 provides a
summary of the phenotypic data used in this study.
The data were analysed with the following models:

Yeg = Xppbpg + ZgpPpr + WgsMpg + Qppdpg + Hpptpp + egg
Yir =Xprbrr + ZppPpg + Wprmpg + Qprdpg + Hprlpr + €
Yrr = Xgrbrr + ZgrPrr + W rrMgg + Qrrdgg + Hppl'rg + €gg

Yre = Xgpbr + ZgpPrp + W rehigg + Qrpdgp + HrpTre + €gp

In the given equations, yx is the vector of phenotypic
records (TNB or NBA) for the JK={EE, ER, RR, RE} pop-
ulation. Here, J={E, R} denotes the paternal population,
and K={E, R} denotes the maternal. Additionally, by is
the vector of systematic effects, including order of parity
six levels), breed of service sire (five levels) and herd-year-
season (141 levels). Moreover, px, M, d;g, ¥jx and e
are the paternal, maternal, dominance, permanent envi-
ronmental and residual effects of the JK population re-
spectively. It must be noted that p; is the vector of the
paternal gametic effects of the J={E, R} population in the
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TABLE 1 Number of phenotypic records (and number of sows producing them in brackets), mean (+ standard deviation) of
Total Number Born (TNB) and Number Born Alive (NBA) for Entrepelado (EE), Retinto (RR) and Entrepelado x Retinto (ER) and

Retinto X Entrepelado (RE) crosses.

EE RR ER RE
N* (NSP) 6933 (1564) 7497 (1577) 4995 (1015) 2977 (756)
TNB 8.23+2.14 8.44+2.22 8.55+2.27 8.51+2.28
NBA 7.87+2.11 8.05+2.18 8.27+2.25 8.18+2.25

*N: number of phenotypic records.

PNS: number of recorded sows.

JK cross, and that m is the vector of the K={F, R} ma-
ternal gametic effects in the JK={EE, ER, RR, RE} cross.
Besides, Xk, Z ix, W g, Qi and H i are the correspond-
ing incidence matrices involved in the equations.

The statistical model was analysed by employing a
Bayesian approach with a Gibbs sampler (Gelfand &
Smith, 1990). In this analysis, bounded uniform distri-
butions were employed as prior distributions for the
systematic effects and variance components. The prior
distributions for the gametic, dominance, permanent en-
vironmental and residual effects were modelled as mul-
tivariate Gaussian distributions, characterized by a zero
mean and the following variances:

PeE
Prr d
EE
PER
d
varl PR |=T®@G var]l RR |= QQ®D,
Mgp ER
MR
d
Mgg RE
Mgg
'EE €EE
e
varl "RR =R@randva| * |=EQI
TER €ER
TRE €RE

where G and D are the gametic and dominance relation-
ship matrix (Smith, 1984), I is the identity matrix and

G%EE 0 O PypPrr O PepMpg
0 af,RR 0 O PrgPa 0
O PrgPrr 0 GIZ’ER 0 O PerMpg
- 0 O P Pas 0 af,RE 0
O PgeMpg 0 O PprMpg 0 0-12\/1 B
0 O PrrMgr 0 O PreMgr 0
0 O PreMgg 0 O PreMgg 0
O PpeMgg 0 O PprMgp 0 OMgpMgg

where af(JK represents the paternal (X=P) or maternal (X=M)
gametic variance in the JK population, JK can represent any
of the following combinations {EE, ER, RR, RE}. Similarly,
Ox, v, denotes the covariance between the gametic effects
between the paternal (if X=P) or maternal (if X=M) ga-
metic variance in the JK cross with the paternal (if Y=P) or
maternal (if Y=M) gametic variance in the LM cross, where
JK and LM can each be EE, ER, RR and RE respectively. It is
essential to emphasize that in this analysis, the covariances
between gametic effects from distinct populations (Retinto or
Entrepelado) are explicitly fixed at zero, allowing no correla-
tion between them. Conversely, the model allows for non-null
covariance between gametic effects from the same population.
Further,

2
o dep 0 0
0 0 aﬁRR 0 0
| o o 2 o0 |
ER R
0 0 o dep
o2 0 0 0
EE
0 o? 0 0
R= TRR 5 ,and
0 0 o 0
ER
0 0 0 o2
TRE
0 O O-PEEMRE
OPrrMpr O PrpMpg 0
0 O O-PERMRE
OPrgMpr O PrpMpg 0
0 O o MEEMRE
2
(o2 MRR o MRRMER 0
2
O MppMgg Mgg 0
0 0 o
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62 0 0 0
EE
0 o2 0 0
E = €RR
0 2 0
ER
0 0 0 o3

with o-st, aij and ang are the dominance, permanent en-
vironmental and residual variances of the JK population
respectively.

The inverse of the gametic relationship matrix (G™
was calculated using a FORTRAN program that follows
the algorithm proposed by Meyer and Tier (2012). The
gametic relationship matrix (G) was itself calculated by
direct inversion using R software (R Core Team, 2021).
Subsequently, the elements of G were employed to derive
the elements of the dominance relationship matrix (D) ac-
cording to the following expression:

dij = ipjp8imjm T 8ipjm8imjp

Here, d;; represents the dominance relationship between
the ith and jth individuals. Specifically, g, signifies the rela-
tionship between the gametes of the ith individual (paternal
or maternal, depending on x) and the jth individual (pater-
nal or maternal, depending on y).

The implementation of the Gibbs Sampler was con-
ducted using the BLUPF90 suite of programs, specifi-
cally with the gibbsf90+ program (Misztal et al., 2018).
The analysis involved a single long chain comprising
1,100,000 iterations, with the initial 100,000 iterations dis-
carded to guarantee convergence towards the stationary
distribution.

During each iteration, the following parameters were
calculated:

Ratios of paternal (p%,) or maternal (m?2,) gametic vari-
ances for the JK cross

2
o
p2 _ Pk
K™ 5 2 2 2 2
o o 20 c o o
DIk + myg + 20pikmik + dx + rix €K
2
(o2
2 mix
Mk = 62 +02 +20 +02 +02 2
Pk myg pIKmJK dix i ek

Ratio of dominance variance (d;K) for the JK cross

52
P2 = dig
K" 62 462 420 +062 +062 +o02
Pix mg pJKmJK dix K ejx

Broad sense heritability (H J?K) for the JK cross

2 2 2
o o 20 o
H2 _ Pk + My + pJKm]K + d]K
JK ™ 2 2 2 2 2
o o 20 o o o
Pk + mg + 20 prkmik + dix + YK + ek

Gametic correlations (rX]KYLM) between the X (pater-
nal—P- or maternal—M-) gametic effects of the from JK
population with the Y (paternal—P- or maternal—M-) ga-
metic effects of the LM population

O Xk Yim

FX Y,
JK L LM o o
‘(JK 1LM

3 | RESULTS AND DISCUSSION

3.1 | Variance components

The posterior means (and standard deviations) of the
variance components for TNB and NBA are presented in
Tables 2 and 3 respectively.

To begin with, it is important to emphasize that the
posterior estimates of paternal and maternal gametic
variances in both traits were found to be greater in the
crossbred populations (ER and RE) when contrasted with
the purebred populations (EE and RR). This discrepancy
could potentially be attributed to a scale effect (Falconer
& Mackay, 1996), since the phenotypic variance is also
higher in the crossbred populations. Another contributing
factor to this discrepancy is the model's allowance for co-
variance between the two gametic effects within the pure-
bred populations, which adds twice the value of oy, to
the genetic variance.

Nevertheless, the outcomes of our analysis demon-
strate that both paternal and maternal gametic effects con-
tribute to the phenotypic variability of litter size traits, as
evidenced by their posterior distributions significantly de-
viating from zero. However, it is important to acknowledge

TABLE 2 Posterior means (and standard deviations) of the permanent environmental (o-f), paternal (0';23)’ maternal (o-fn), dominance
(0'(21) and residual (ag) variance components for Total Number Born (TNB) in the Entrepelado (EE), Entrepelado X Retinto (ER),

Retinto X Entrepelado (RE) and Retinto (RR) populations.

2 2

Population [ o,

EE 0.18 (0.07) 0.14 (0.06)
RR 0.11 (0.04) 0.14 (0.04)
ER 0.14 (0.06) 0.26 (0.09)
RE 0.16 (0.07) 0.15 (0.06)

2 2 2

O O’ O

= 4 &
0.28 (0.07) 0.14 (0.07) 3.50 (0.07)
0.20 (0.05) 0.10 (0.04) 4.08 (0.07)
0.36 (0.09) 0.13 (0.07) 4.13(0.09)
0.38 (0.10) 0.14 (0.07) 4.17(0.12)
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TABLE 3 Posterior means (and standard deviations) of the permanent environmental (¢2), paternal (ag), maternal (afn), dominance
(0'3) and residual (ag) variance components for Number Born Alive (NBA) in the Entrepelado (EE), Entrepelado x Retinto (ER),

Retinto X Entrepelado (RE) and Retinto (RR) populations.

Population c? o-f)

EE 0.19 (0.07) 0.13 (0.05)
RR 0.11 (0.04) 0.14 (0.04)
ER 0.13 (0.06) 0.26 (0.08)
RE 0.16 (0.07) 0.16 (0.07)

Entrepelado x Entrepelado

i
Paternal Ratio
301 ZZ I:l Mean = 0.031
SD=0.013
\ 7[‘=>‘ Mode = 0.026
x Maternal Ratio
2 201 Mean = 0.064
D SD=0.015
g Mode = 0.061
©
10
L
01 = =
0.00 0.05 0.10 0.15
Ratio of Gametic Variance
Retinto x Retinto
74*5‘ D Paternal Ratio
- Mean = 0.029
40 ZZ 7‘ * SD =0.009
% S‘ D Mode = 0.027
Maternal Ratio
. 301 Mean = 0,042
B SD=0.01
5 % x‘ Mode = 0.04
o 20 1 7[
10 7[
0 4
0.025 0.050 0.075 0.10

Ratio of Gametic Variance

2 2 2

O O O

m d e
0.24 (0.06) 0.11 (0.06) 3.47(0.07)
0.19 (0.05) 0.11 (0.04) 3.86 (0.07)
0.33 (0.08) 0.12 (0.06) 4.01 (0.09)
0.35 (0.09) 0.14 (0.06) 3.96 (0.11)
Entrepelado x Retinto
25
~
74 5: 747.* EI Paternal Ratio
Mean = 0.051
20 ZZ % SY SD =0.017
Mode = 0.047
15 ZZ Ul | D
-‘é SD =0.017
% 1 0 7[ *x Mode = 0.071
5 / -
Y s
0
0.00 0.05 0.10 0.15
Ratio of Gametic Variance
Retinto x Entrepelado
A~
Paternal Ratio
30 X D Metan = 0.02'9
SD =0.013
Mode = 0.024
Matemal Ratio
:‘? 20 ¥ 7“‘ D Me‘an =0 0';5
2 SD=0.019
[} Mode = 0.072
el
10
0 L7 =
0.00 0.05 0.10 0.15

Ratio of Gametic Variance

FIGURE 1 Posterior distributions of the ratios of paternal and maternal gametic variances in the Entrepelado x Entrepelado,
Entrepelado x Retinto, Retinto X Entrepelado and Retinto X Retinto populations for Total Number Born.

that the variances of maternal gametic variances consis-
tently surpass those of paternal gametic effects. This sug-
gests that the alleles inherited from the mother exert a
more pronounced influence on the phenotypic variation
of litter size. These findings are further illustrated by the
ratios of paternal to maternal gametic variance, visually
depicted in Figure 1 for TNB and Figure S1 for NBA.
These findings align with those obtained by Stella
et al. (2003) in white pigs, suggesting a similar trend. One
plausible explanation for this phenomenon is the poten-
tial existence of paternal genomic imprinting (Reik &
Walter, 2001), a mechanism ensuring certain alleles are
only expressed upon heritance from either the mother

or father. Numerous theories have been proposed to elu-
cidate the evolutionary origins of genomic imprinting,
comprehensive reviewed by Patten et al. (2014). One of
the most prominent being the parental investment theory
(Moore & Haig, 1991). In accordance with this theory, im-
printing arises due to a conflict between the evolutionary
interest of the alleles inherited from the father and those
inherited from the mother. Within mammalian reproduc-
tion, the evolutionary success of the alleles inherited from
the father is associated with augmented foetal growth,
while the success of the alleles inherited from the mother
is linked with offspring number. This theory finds sup-
port in the identification of numerous imprinted genes
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governing diverse facets of mammalian development
(Thamban et al., 2020), encompassing growth, behaviour
and placental function (Fowden et al., 2011). Additionally,
a growing body of evidence indicating the presence of im-
printed genes in the pig genome (Coster et al., 2012; Wu
et al., 2020; Zhang et al., 2012) is available.

It is important to underline that the paternal and ma-
ternal gametic variances exhibited higher values in the
crossbred populations when compared to the purebred
populations. As mentioned earlier, this divergence could
stem from a scale effect or from the inclusion of covari-
ances between the paternal and maternal gametic effects
within the purebred populations. Consequently, the cova-
riance between these effects also contributes to the over-
all genetic variation. Notably, the posterior distributions
of the broad-sense heritabilities showed similar patterns
across all purebred and crossbred populations, as there
are weighted by the increase of phenotypic variation in
crossbreds. The posterior mean estimates spanned from
0.125 in the RR population to 0.160 in the EE population
for TNB, and from 0.125 (RR) to 0.149 (EE) for NBA, as
depicted in Figure 2 for TNB and Figure S2 for NBA.

These figures also present the posterior distribution of
the ratios of dominance variance, featuring posterior mean
estimates ranging from 0.021 in RR to 0.031 in EE for TNB,

Entrepelado x Entrepelado

Dominance Ratio
Mean = 0.031
SD=0.016
Mode = 0.024

20
|

Broad Sense Heritability
Mean = 0.160

SD =0.032

Mode = 0.156

Density

0 5 10
|

m~
[ I I I I I |

0.00 0.05 0.10 015 0.20 0.25 0.30

Dominance Ratio / Broad Sense Heritability

Retinto x Entrepelado

Dominance Ratio
Mean = 0.029
SD=0.013
Mode = 0.023

30

20
|

Broad Sense Heritability,
Mean =0.133
SD =0.021

Density
l

Mode = 0.134

10
L

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Dominance Ratio / Broad Sense Heritability

and from 0.024 in RR to 0.029 in RE for NBA. In general,
the ratios of dominance variance were modest, indicating
that the implementation of a mate allocation procedure
(Gonzalez-Diéguez et al., 2020; Toro & Varona, 2010) to
capture favourable dominance effects may yield limited or
insignificant results, even if genotyping information were
available.

3.2 | Gametic correlations

The proposed model provides the estimates of the gametic
covariances and correlations between four gametic ef-
fects stemming from each parental population (paternal
for purebred, maternal for purebred, paternal for cross-
bred and maternal for crossbred). Figures 3 and 4 display
the posterior distributions of gametic correlations among
these four gametic effects for TNB in the Entrepelado and
Retinto populations respectively. Furthermore, Figures S3
and S4 provide the posterior distributions of gametic cor-
relations for NBA.

Every posterior mean estimates of the gametic cor-
relations were positive, spanning from 0.04 (paternal ga-
metic effects for purebred and maternal gametic effects
for crossbred in Retinto) to 0.53 (paternal gametic effects

Entrepelado x Retinto

Dominance Ratio

o _ N Mean = 0.026
™ SD=0.013
_ Mode = 0.020

Q 8 ] Broad Sense Heritability
& | Mean = 0.150
o SD =0.020
O © _| Mode = 0.148

-—

o

I I I [

[ I |
0.00 0.05 0.10 0.15 020 0.25 0.30

Dominance Ratio / Broad Sense Heritability

Retinto x Retinto

Dominance Ratio
Mean = 0.021
SD =0.008
Mode = 0.019

50

Broad Sense Heritability
Mean = 0.125

SD =0.022

Mode = 0.122

30

Density

10

I 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Dominance Ratio / Broad Sense Heritability

FIGURE 2 Posterior distributions of the broad-sense heritabilities and ratios of dominance variance in the Entrepelado x Entrepelado,

Entrepelado X Retinto, Retinto X Entrepelado and Retinto X Retinto for Total Number Born.

85U80| SUOLILLOD BATe81D 3(dedl|dde 8y} Aq peusenob ae ss(oiie YO ‘SN JO S9N 10} ARIqiT8UIIUO AB]IA UO (SUONIPUOD-PUR-SLLIBILIOD" A 1M ARIq 1 BU1UO//:SdNY) SUORIPUOD PUe SWB | 81 88S *[7202/20/90] o AriqiTaulluo A8|IMm ‘ezobesez aa pepsienn Aq zegzT Ba(TTTT 0T/I0p/woo As|im AIqiul|uo//Sdny Woi) papeojumod ‘0 ‘88E06EYT



SRIHI ET AL.

Paternal purebred(EE)- Paternal crossbred(ER)

2.0
Mean =0.53
SD=0.24
Mode = 0.64
1.51 p<0 = 0.03
S p>0.75 = 0.19
=
210
S
a
0.5
0.0
1.0 05 0.0 05 10

Gametic Correlation
Paternal purebred(EE)- Maternal purebred(EE)

2.0
Mean = 0.52
SD =0.26
Mode = 0.65
1.5 p<0=0.05
. p>0.75 = 0.2
=
210
St
a
0.5
0.0
1.0 0.5 0.0 05 1.0

Gametic Correlation

Paternal crossbred(ER)- Maternal purebred(EE)

2.0
Mean = 0.21
SD=0.3
Mode = 0.29
1.5 p<0=0.25
- p>0.75 = 0.02
=
210
S 1
[m)
0.5
0.0

0.5 00 05 10
Gametic Correlation

Density

Density

] W1 LE Y-

Paternal purebred(EE)- Maternal crossbred (RE)

2.0

Mean = 0.4
SD=0.28
Mode = 0.52
p<0=0.09
p>0.75 = 0.08

05 0.0 05 10
Gametic Correlation

Paternal crossbred(ER)-Maternal crossbred (RE)

40

2.0
Mean = 0.4
SD=0.26
Mode = 0.5
1.5 p<0 = 0.08
p>0.75 = 0.06
1.0
0.5
0.0
10 05 0.0 0.5 10

Gametic Correlation
Maternal crossbred (RE)-Maternal purebred(EE)

2.0
Mean = 0.32
SD=0.2
Mode = 0.35
1.5 p<0 = 0.06
p>0.75=0
1.0
0.5
0.0
10 0.5 0.0 05 10

Gametic Correlation

FIGURE 3 Posterior distribution of the correlations between the four gametic from each parental population (paternal for purebred—
EE-, maternal for purebred—EE-, paternal for crossbred—ER- and maternal for crossbred—RE-) in the Entrepelado population for Total

Number Born.

for purebred and paternal gametic effects for crossbred in
Entrepelado). As far as we know, there are no existing esti-
mates of gametic correlations between purebred and cross-
bred performance available in the literature. However, our
estimates fall within the lower range of the genetic cor-
relation estimates for a wide spectrum of traits available in
the literature and reviewed by Wientjes and Calus (2017).
It is noteworthy that the posterior probability of a gametic
correlation surpassing 0.75 was consistently remained
below 0.20 for all the gametic correlations. This suggest

that selection in the purebred populations might not yield
optimal outcomes in the crossbred population. These
results differ from those obtained by Srihi et al. (2022);
however, it is important to recognize that their study was
conducted with a notably smaller data set.

Furthermore, it is interesting to observe that the pat-
tern of gametic correlations differs between purebred
and crossbred performance in both populations. Within
the Entrepelado population, the gametic effects acting as
the sire in the purebred context (paternal for purebred)
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RR-, maternal for purebred—RR-, paternal for crossbred—RE-, and maternal for crossbred—ER-) in the Retinto population for Total
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exhibit relatively high correlations with performance
within the crossbred population, whether as a sire (pos-
terior mean of 0.53 with paternal for crossbred) or as a
dam (posterior mean of 0.40 with maternal for crossbred).
Conversely, the correlations involving the gametic effects
when acting as the dam within the purebred population
(maternal for purebred) were lower with performance in
the crossbred population, both as a sire (posterior mean of
0.21 with paternal for crossbred) and as a dam (posterior
mean of 0.32 with maternal for crossbred). In contrast,
the scenario in the Retinto population was reversed. The

correlations between the gametic effects acting as the sire
within the purebred population (paternal for purebred)
showed lower correlations with the crossbred population
(posterior mean of 0.17 with paternal and 0.04 with ma-
ternal gametic effects in the crossbred), whereas the ga-
metic effects acting as the dam (maternal for purebred)
displayed elevated correlations (posterior mean of 0.46
with paternal and 0.41 with maternal gametic effects in
the crossbred).

These findings reinforce the importance of using
crossbred data to predict the breeding values of purebred
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individuals and confirm the need to evaluate them for
both purebred and crossbred performance. By doing so,
balanced selection strategies can be optimized for cross-
breeding purposes. Moreover, the observed diversity in
the correlation between gametic effects also suggest the
potential influence of imprinting effects, which should be
considered in genetic evaluation. These results open up al-
ternative strategies for crossbreeding selection and breed-
ing programme design.

The populations that contribute as sires or dams in
crossbreeding should be selected based on the prediction
of their gametic effects when performing as sires or dams
in the crossbred population respectively. In the example
provided, the CASTUA population is commercially pro-
duced by crossing Retinto sires with Entrepelado dams.
Hence, the selection of the Retinto population should rely
on gametic prediction of paternal gametic effects for cross-
bred, while the Entrepelado population should be selected
for maternal gametic effects for crossbred.

In the proposed model, the performance within the
purebred populations contributes to the prediction of
gametic effects in crossbreeding via gametic covariances
(or correlations). Nonetheless, it should be noted that
the covariances (or correlations) between gametic effects
from different populations (Retinto or Entrepelado in this
example) were assumed to be zero. Future research is
required to develop a model that integrates genomic in-
formation and accounts for potential covariances among
these gametic effects, potentially through adaptations of
the metafounders analysis (Xiang et al., 2017).

The findings of this study can be summarized as
follows: 1) maternal gametic effects consistently ex-
hibit greater variances that paternal gametic effects, in-
dicating a stronger influence of alleles inherited from
the mother on litter size, and 2) distinct patterns of ga-
metic correlations were observed between purebred and
crossbred performances within the Entrepelado and the
Retinto pig populations. These results suggest the po-
tential impact of imprinting effects on the genetic reg-
ulation of litter size and underscore the importance of
including crossbred data in breeding value predictions
for purebred individuals.
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