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Summary

The main purpose of crossbred (CB) production of pigs is to utilize heterosis. Heterosis is
however, difficult to measure. Heterozygosity of the markers, on the other hand, can easily be
measured in genotyped individuals. Heterosis and heterozygosity are not the same thing, but
heterozygosity is expected to be higher in CB than in purebred (PB) animals, and may be
beneficial when predicting the PB’s ability to produce good CB offspring. A trait that is under
directional dominance and affected by many loci is expected to be correlated to
heterozygosity.
The objective of this study was to investigate whether inclusion of heterozygosity in the
model can contribute to better prediction accuracy for a number of traits, in CB, their PB
parents, and in a synthetic line.
Data was available on Norwegian Landrace, Dutch Landrace, Large White, the F1 cross
between the latter two, and a synthetic breed. Maternal traits were available for the
Norwegian Landrace, Dutch Landrace, Large White, and the F1 cross, and production traits
such as weight and growth were available for the synthetic breed. Breeding value evaluation
models were used as a base, and heterozygosity was fitted as a fixed regression in the model.
Thereafter, prediction accuracy for validation animals were estimated.
Preliminary results indicate a positive effect of including heterozygosity on prediction
accuracy of some maternal traits in the Norwegian Landrace. When evaluating the
combination of Dutch Landrace, Large White, and their F1 cross, results were promising for
the latter two, but not for Dutch Landrace, and indicated a higher benefit for CB than PB
animals. The regression coefficients of heterozygosity indicated a higher contribution to
maternal traits in Norwegian Landrace than in the other breeds. However, this could also be
an effect of data availability. In addition, the sign of the regression coefficient was in a
favourable direction for most traits, indicating a favourable relationship between
heterozygosity and the traits. Results on production traits in the synthetic breed are under
way, but not yet available at time of writing.
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Introduction

One of the main reasons for using crossbreds (CB) in breeding programs is to take advantage
of heterosis, but heterosis itself can be difficult to measure. Heterozygosity of the markers
however, is much easier to measure (in genotyped individuals). Although heterosis and
heterozygosity are not the same thing, heterozygosity may be a useful indicator when
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predicting purebred’s (PB) ability to produce good CB offspring. In general, it is expected
that heterozygosity is higher in CB than in PB animals, and that individuals with higher
heterozygosity have higher fitness.

Heterozygosity is heritable. This is because if an individual carries a rare allele, it is
more likely to be heterozygous at that locus, and its offspring are also more likely to be
heterozygous because they have a 50 % chance of inheriting the rare allele (Nietlisbach &
Hadfield, 2015). Thus, heterozygous individuals are less likely to share gametes with
randomly chosen individuals in the population (Nietlisbach et al., 2016). Heterozygosity
ceases to be heritable when there are no rare alleles (i.e. p=q=0.5) (Nietlisbach & Hadfield,
2015). The degree to which heterozygosity in offspring is predicted by parent heterozygosity
determines the contribution of dominance effects to additive genetic variance (Nietlisbach &
Hadfield, 2015).

As a measurement of heterozygosity, the average heterozygosity across markers can be
used. An alternative would be to use standardized individual heterozygosity, where the
proportion of heterozygous loci of an individual is divided by the mean heterozygosity across
loci (Coltman et al., 1999). This might account for different SNPs on different SNP chips, or
different means across breeds, and make heterozygosity values more comparable between
animals.

The objective of this study was to investigate whether inclusion of heterozygosity in the
model can contribute to better prediction accuracy for a number of traits, both in CB, their PB
parents, and in synthetic breeds. In addition, the regression of heterozygosity on a trait may
indicate whether inbreeding depression is present for that trait, and would be worth
investigating.

Materials and methods

Data was available on purebreds (Norwegian Landrace), a synthetic breed, Dutch Landrace
(breed A), Large White (breed B), and the F1 cross (breed X) of breed A and B (Table 1).
Maternal traits were available on the PB and the F1 CB, while production traits were
available for the synthetic breed. Maternal traits included total number born, piglets born
alive and gestation length, and included repeated observations for the majority of the animals.
Production traits included various weight and growth traits.

Table 1. Number of animals with genotypes and phenotypes.
Dataset Line Animals with both

genotypes and phenotypes
Animals with
genotypes2

1 Norwegian Landrace 13,283 22,558

2
Dutch Landrace (A) 2,377 3,238
Large White (B) 2,859 3,735
F1-cross1 (X) 1,312 1,377

3 Synthetic breed 19,135 19,477
1F1-cross of Dutch Landrace and Large White
2Number of animals included in the genomic relationship matrix.

Heterozygosity was measured as proportion of heterozygous markers for each
individual. Thus, only genotyped individuals had a heterozygosity observation. Models were
kept as in routine evaluations (in Topigs Norsvin) for these traits, and heterozygosity was
fitted as a fixed regression in the model or as a fixed regression within breed for all traits.
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Models were also compared to other models including some form of heterozygosity or
heterosis indicator (e.g. expected heterosis based on the breed composition). Which
heterozygosity or heterosis factor were used for the different models and breeds is described
in Table 2. Models 4-7 were not used when only one PB was included in the analysis (i.e.
Norwegian Landrace).

Table 2. Heterozygosity factors included in the different models, where “normal” indicates the
model used in routine evaluations in Topigs Norsvin for the trait.

Model
Norwegian
Landrace

ABX6 Synthetic breed

1 Normal1 X X X
2 Heterozygosity X X X
3 Standardised heterozygosity2 X X X
4 Heterozygosity(breed)3 X X
5 Expected heterosis4 X
6 Line frequency5 X
7 Heterozygosity + Line frequency X
1Indicates model with no heterozygosity effect,
2As in Coltman et al. (1999),
3For synthetic breed, breed indicates line composition,
4Expected heterosis based on cross, e.g. F1 would be 100 %, F2 50 % etc.,
5Frequency of line 1 on the synthetic breed
6Dutch Landrace, Large White, and their F1 cross.

Fixed regressions cannot have missing values, so only genotyped animals were included, and
consequently the models were used with GBLUP in the MiXBLUP software (ten Napel et al.,
2016).

Comparisons of models were performed with prediction accuracy of EBVs. Prediction
accuracy was calculated as r = cor[(YD + hetreg),(GEBV + hetreg)]/rel, where YD is the
yield deviation of the animal (either PB or CB), GEBV is the genomic estimated breeding
value, hetreg is the heterozygosity factor multiplied with its regression coefficient, rel is the
reliability of YD and rel = , where N = number of records per animal, λ = σe2/σg2, and σe2 and
σg2 are the residual and genetic variances, respectively. The hetreg part of the equation was
not included for the normal model that did not include heterozygosity effects. The regression
coefficients of heterozygosity were extracted from solution files.

Results and discussion

As expected, CB animals had higher mean heterozygosity than the PB animals (Table 3). The
synthetic breed did not have higher heterozygosity than PB.

Table 3. Mean heterozygosity of each breed.
Breed Mean heterozygosity1

Norwegian Landrace 0.322
Dutch Landrace 0.358
Large White 0.362
F1-cross2 0.426
Synthetic breed 0.358
1Proportion of heterozygous markers divided by the total number of markers
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2F1 cross of Dutch Landrace and Large White.

Results for maternal traits in the Norwegian Landrace using models 1-3, indicated that
prediction accuracy increased when heterozygosity was in the model for some traits, but not
for all (Table 4). For example, total number born and litter weight at 3 weeks had a minor
gain in accuracy by including heterozygosity in the model, while number of dead piglet at 3
weeks showed no change. However, these differences have not been checked for significance
yet.

Table 4. Prediction accuracies for maternal traits (measured on the sow) in Norwegian
Landrace, using models 1 and 2.
Trait Model 1 Model 2 Model 3
Total number born 0.681 0.719 0.719
Stillborn 0.554 0.550 0.550
Piglets dead at 3 weeks 0.595 0.595 0.596
Litter weight at 3 weeks 0.767 0.790 0.790
Litter variance at 3 weeks 0.454 0.453 0.453
Shoulder lesions of sow at weaning 0.781 0.778 0.778
Body condition score at weaning 0.679 0.680 0.680

Results from Dutch Landrace, Large White and their F1 cross were negative for Dutch
Landrace for total number born and live born, but positive for gestation length (Table 5).
Both Large White and the F1 cross benefitted by including heterozygosity in the model.
Accuracies are not reported for F1 for Model 4 because regression coefficients were
unreliable.

Table 5. Prediction accuracies for maternal traits in Dutch Landrace, Large White, and their
F1 cross, using models 1-4 (average of 2 validation sets).
Breed Trait Model 1 Model 2 Model 3 Model 4

Dutch Landrace
Total number born 0.604 0.587 0.588 0.590
Live born 0.541 0.539 0.539 0.540
Gestation length 0.674 0.683 0.683 0.683

Large White
Total number born 0.592 0.606 0.606 0.615
Live born 0.621 0.645 0.645 0.654
Gestation length 0.761 0.764 0.764 0.764

F1 cross1
Total number born 0.747 0.747 0.748 -
Live born 0.694 0.699 0.700 -
Gestation length 0.767 0.769 0.769 -

1One validation set due to number of observations on F1 available

The regression coefficients of heterozygosity are presented for Norwegian Landrace
(Table 6) and the Dutch Landrace, Large White, and their F1 cross (Table 7).
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Table 6. Regression coefficients of heterozygosity for maternal traits in Norwegian Landrace.
Trait Regression coefficient
Total number born 16.05
Stillborn -1.73
Piglets dead at 3 weeks -0.83
Litter weight at 3 weeks 43.44
Litter variance at 3 weeks -0.16
Shoulder lesions of sow at weaning -0.51
Body condition score at weaning 1.43

The regression coefficients indicate that a 10 % increase in heterozygosity (e.g. from
0.33 to 0.43), would give 1.6 more piglets born, 0.17 fewer stillborn, a 4 kg heavier litter at 3
weeks etc. This is quite substantial, so a lot could be gained by a 10 % increase in
heterozygosity. However, this increase in heterozygosity is unlikely to happen in one
generation even if the only focus was to create more heterozygous individuals.

Table 7. Regression coefficients of heterozygosity for maternal traits in Dutch Landrace,
Large White, and their F1 cross.
Trait Regression coefficient
Total number born 4.53
Live born 4.60
Gestation length -2.00

For Dutch Landrace, Large White, and the F1 cross, the regression coefficient for total
number born was less than for the Norwegian Landrace. Here the gain by a 10 % increase in
heterozygosity would only be 0.45 more piglets born. It is possible that this effect is because
the mean heterozygosity for these breeds is already higher than for the Norwegian Landrace,
and thus an additional increase in heterozygosity would gain less than if the initial
heterozygosity was lower. In addition, the estimation of the regression coefficients when the
breeds were combined could have masked the overall effect of heterozygosity within breed.
This will be further investigated. Another reason could be data availability. Much more data
was available for the Norwegian Landrace, thus the estimates are probably more
representative of the population as a whole.

All in all, the inclusion of heterozygosity in the model gives some interesting results
that seem worth investigating further.

Results on the synthetic breed and the other models are not yet available, but will be
presented at WCGALP.
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