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ABSTRACT: Different selection strategies involving ge-
nomic data for the swine industry were compared through 
simulation on their ability to reduce the effects of the PRRS 
virus.  Ten thousand QTL with up to 7 alleles each were 
assumed to affect 22 traits including resistance to PRRS. 
The base strategy did not utilize genomic information and 
ignored PRRS.  Other strategies included EBVs for PRRS; 
a single major QTL; 100 major QTLs; and use of all 10 
thousand QTL.  Replacement animals were chosen based 
on selection index including estimated breeding values for 9 
traits.  Genetic trends for PRRS resistance in the nucleus 
populations, and phenotypic trends in infected pigs and 
sows at the commercial level were used to compare strate-
gies.  Genetic trends for PRRS resistance were best when 
all 10,000 QTL were used, but phenotypic trends in the 
commercial herds were very low.    
Keywords: swine; PRRS virus; genomic strategies; simula-
tion 
 
 

Introduction 
 

Porcine reproductive and respiratory syndrome, 
(PRRS), is caused by a virus.  This virus has a rapid replica-
tion rate which leads to a high rate of mutation. The virus 
can survive if frozen, and remains viable under moist condi-
tions for up to 11 days.  Infected animals shed the virus 
through blood, saliva, milk, urine, feces, and semen.  The 
virus can be tested via PCR of the blood, but the tests are 
not conclusive and therefore, are of questionable benefit.  
The virus affects sow litter size by causing mummified fe-
tuses, and can reduce growth rates of piglets during the 
grower-phase through respiratory problems.  Development 
of a vaccine has had limited success due to the rapid muta-
tion rates of the virus.  There could be more than one vari-
ant on a farm or even within an individual pig.  A Genome 
Canada project for the last two years has aimed at finding 
genes in pigs that might be resistant to PRRS. 

 
Another aspect of the problem is that nucleus and 

multiplier herds in the industry tend to have few, if any, 
occurrences of PRRS due to the stringent biosecurity 
measures of these herds.  The virus is more common 
amongst commercial producers.  Thus, to make genetic 
improvement, phenotypic data must be collected from 
commercial herds in order to genetically evaluate animals 
in the nucleus breeding herds.  

 
A question is how genomics could play a part in 

improving the resistance of pigs to the PRRS virus.  Bod-
dicker et al. (2012, 2014) reported on the discovery of a 

major gene associated with PRRS.  Tribout et al. (2013) 
determined that using genomics to evaluate pigs could 
greatly improve genetic change and minimize inbreeding, 
but would be costly.  However, they found that even mini-
mal genotyping would bring improvements.  Another op-
tion they compared would be increasing the amount of phe-
notypic data collection, for a trait like PRRS. Their study, 
however, did not involve PRRS specifically. 

 
Given that PRRS is phenotypically observed at the 

commercial level, and that breeding decisions are done at 
the nucleus level, a simulation approach was taken to de-
termine how genomics could be used against the PRRS 
virus.   

 
Materials and Methods 

 
Simulation details. Details of the simulation pro-

grams for this study are given by Schaeffer (2014).  To 
summarize, QMSim software was used to generate 3000 
historical generations of recombination and mutation using 
250 sires and 250 dams.  During the last 50 generations the 
population was expanded to 5100 individuals.  There were 
4,000 QTLs randomly spaced per chromosome for 18 
chromosomes, then the population was split into three 
breeds (A, B, and C) for another 50 generations of random 
matings using 200 males and 2000 females.  Another 10 
generations were conducted with phenotypic selection on a 
single trait with a heritability of 0.2.  Finally, crosses of two 
of the breeds were made, for a total of 5 populations.  Ten 
thousand  QTLs (not SNPs) with minor allele frequencies 
greater than 0.01 were chosen.  QTLs had up to 7 alleles 
each.  Linkage disequilibrium was around 0.29 for QTLs 
that were 0 to 0.05 cM apart.  

 
In a second program, allele effects were generated 

for 22 different production traits (covering growth, repro-
duction, conformation, heat tolerance, and PRRS re-
sistance), using a multiple trait approach (Schaeffer, 2014). 
All 10,000 QTLs were assumed to affect all 22 traits.  Ge-
netic correlations were obtained from the literature from a 
number of studies, and the resulting matrix was forced to be 
positive definite (Schaeffer, 2013). Using the 5 population 
files with QTL genotypes for each animal from QMSim, 3 
nucleus herds of one breed each, containing 200 sows each 
were created.   Boar studs of 50 boars of each breed were 
maintained. All matings were by artificial insemination 
(AI).   

 
At the multiplier level, 20 herds of 200 sows each 

were created.  Each herd had sows of both breed B and 



breed C.  Breed B sows were always mated to Breed C 
boars and vice versa.  Crossbred female progeny were made 
available to the commercial herds, while all crossbred 
males were castrated and sent to market. 

 
At the commercial level, 20,000 sows in 100 herds 

were created.  All of the sows were crosses of breeds B and 
C, and all were mated through artificial insemination to 
boars of breed A, representing a terminal cross.  Breeds 
differed in allele frequencies for the 10,000 QTL, but the 
allele effects were assumed to be the same for all animals.  
Only additive genetic effects were considered. 

 
At the commercial level PRRS was set to occur in 

an average of 15% of sows such that an average of 25% of 
their fetuses was stillborn or mummified.  Of pigs that were 
born alive and survived at least five days, an average of 
15% were infected with PRRS, and, of those, an average of 
50% resulted in death. 

 
After the herds and potential replacement animals 

were established, the simulation program stepped through 
3550 days of matings, farrowings, and weanings following 
typical swine biology.  All animals were subject to selection 
based on an index involving 9 traits (litter size, survival, 
number of teats, loin thickness, growth, conception rate, 
feed intake, protein, and PRRS resistance).  Genetic change 
in all traits in the nucleus herds was monitored.  The inci-
dence of PRRS in sows and in piglets was observed in the 
commercial herds over the 3550 days, to determine which 
genomic strategy led to a reduction in the occurrence of 
PRRS over time.  The same selection index was applied to 
all animals, male or female, and all breeds.  The weights in 
the index were those used by the Canadian Centre for 
Swine Improvement on industry animals (Schaeffer, 2014).  
There was no consideration of separate indices for paternal 
or maternal lines. 

 
EBVs for all traits were approximated similar to 

the method used for DYDs (daughter yield deviations)  in 
Lillehammer et al (2013), based on number of progeny. 

 
Strategies of selection. The basic strategy 

(CONV) was to use estimated breeding values (EBV) based 
on phenotypic records for all production traits in the selec-
tion index.  In this strategy there was no selection for ani-
mals with resistance to PRRS.  There was no need for a 
recording program for health traits, and no animals needed 
to be genotyped for any QTLs or SNPs.  Any sow or piglet  
affected by PRRS were culled, in all strategies.  Thus, 
CONV serves as a baseline for comparisons. 

CONV+ was the same as CONV except that phe-
notypes for PRRS were analysed to give EBV for PRRS for 
all animals.  An accurate disease recording program for 
commercial pigs was needed.  All litters need to be reported 
giving the number of fetuses in total and the number affect-
ed by PRRS.  EBVs for PRRS were computed for all ani-
mals at all levels through the relationship matrix.  The se-
lection index was modified to include EBV for PRRS with 
a relative weighting of  10%. 

QAS was a strategy where animals were geno-
typed for a single QTL (the QTL with the largest allele ef-
fects for PRRS and a moderate or low allele frequency for 
the good allele).  Assuming the work has been done to find 
and verify the major QTL effect outside of the normal in-
dustry structure, then all replacement boars and sows for the 
nucleus, multiplier, and commercial herds need to be geno-
typed for this single QTL.  Replacement animals were 
ranked according to their selection index within a group of 
animals that had at least one copy of the favourable allele, 
and secondly within the group that had no favourable al-
leles.  There were no EBV for PRRS resistance in this sce-
nario, and thus no disease recording for litters was neces-
sary. 

 
MQAS was a strategy where animals were geno-

typed for the top 100 major QTL involved in PRRS.  The 
sum of the allelic effects for these 100 QTL were used as 
the EBV for PRRS resistance, and included in the selection 
index.  The effects of the 100 major QTL were assumed to 
be estimated well from the commercial population, and to 
be continuously updated, using other populations of pigs.    
All commercial litters were recorded for PRRS.  All re-
placement animals would need to be genotyped for the 100 
major QTLs.   

 
GWS was a strategy where all 10,000 QTL were 

genotyped for all replacement animals, so that a genomic 
EBV could be calculated for PRRS.  The assumed accuracy 
of the GEBV based on genotype only was 0.15 as opposed 
to a parent average at under 0.02.  The cost of genotyping 
with a 10,000 QTL chip panel was the most expensive 
strategy to implement.  The disease recording program for 
PRRS was also required. The selection index included the 
GEBV for PRRS with a weighting of 10%. 

Twenty replicates (20) were made for each strate-
gy.   

 
Results and Discussion 

 
The CONV strategy, which was to not record ani-

mals for PRRS or to genotype animals, resulted in an in-
crease in resistance to PRRS in the nucleus populations.  
This was due to the fact that PRRS resistance was positive-
ly correlated with growth and negatively correlated with 
feed intake.  The selection index caused a significant de-
crease in feed intake over the 25 cycles (almost 10 years).  
The genetic increase in resistance was 0.49 of a genetic 
standard deviation or 0.049 per year.  The trait, however, 
has a low heritability (0.02).  At the commercial level, this 
resulted in very minor decreases in percentages of piglets 
infected, infected pigs that died, sows having infected lit-
ters, and mummified fetuses.   

The CONV+ strategy included a 10% weighting 
on PRRS resistance EBVs.  The weights on other traits 
were reduced by 0.90.  This strategy required the cost of 
recording all litters farrowed in the commercial herds, and 
recording of all pigs that later became infected.  Thus, an 
accurate test of the presence of the PRRS virus was re-
quired.  Because of the low heritability of the trait, EBVs 
for PRRS resistance were of low reliability, especially for 



animals in the multiplier and nucleus herds.  Consequently, 
at the nucleus level there was slightly less genetic increase 
in PRRS resistance than in the CONV strategy.  Phenotypic 
changes in the commercial herds were less than with 
CONV. 

 
The QAS strategy using the QTL with the largest 

effect on PRRS resistance resulted in slightly greater genet-
ic change in the nucleus herds than CONV.  This strategy 
involves genotyping animals for the major QTL.  Which 
QTL was the major QTL was assumed to be determined by 
independent researchers, who would have also developed 
the genetic test.  All potential herd replacements and boars 
would be tested.  If the favourable allele were at a low fre-
quency, then not all replacements would have had the fa-
voured allele.  Also, those that had the favoured allele may 
not necessarily have a high index, making a difference in 
genetic changes of other traits in the index.  Phenotypic 
changes at the commercial level were again negligible. 

 
The MQAS strategy used 100 QTLs with the larg-

est effects on PRRS resistance.  A chip panel with these 100 
QTL were used to genotype all replacement animals.  An 
EBV for PRRS resistance was calculated by summing the 
effects for those 100 QTLs.  The EBV was weighted in the 
index at 0.10.  This approach would require frequent updat-
ing and validating of the 100 top QTL.  Also, the cost of 
genotyping animals with a panel of 100 QTL would cost 
more than for a single QTL.  The resulting genetic change 
in PRRS resistance was small in the nucleus animals.  The 
reliability of EBVs were still low as in CONV+, but just 
more expensive to obtain.  Phenotypically at the commer-
cial level there was little improvement in percentages of 
infected animals. 

 
In GWS, all 10,000 QTL were genotyped for every 

replacement animal and genomic EBV (GEBV) were calcu-
lated.  The assumption was that a GEBV gave the same 
accuracy as having 10 progeny phenotyped.  Thus, the reli-
ability of EBV for PRRS resistance was improved overall 
by about 15%.  Reliability of EBV for other traits was as-
sumed to not be influenced, but in practice all traits would 
be improved by using GWS.  The weight on the GEBV for 
PRRS resistance was again set 10%.  The genetic change in 
the nucleus animals was almost doubled that in CONV or 
the other strategies.  Phenotypically, there was a greater 
decrease in the percentage of sows having infected litters, 
and slightly fewer mummified fetuses in the infected litters. 

 
Table 1. Genetic changes in index traits (of nucleus 
sows), in genetic standard deviation units after 25 cycles 
of 142 days for 5 selection strategies, conventional 
(CONV), conventional plus weight on PRRS EBV 
(CONV+), QTL assisted selection (QAS), top 100 QTL 
(MQAS), and all QTL (GWS).  

Trait CONV CONV+ QAS MQAS GWS 
Litter 
size 2.18 2.13 2.21 2.12 2.30 

Survival 0.05 0.05 -0.04 -0.06 -0.06 
Teats 0.71 0.85 0.74 0.78 0.74 

Loin 0.63 0.74 0.74 0.70 0.73 
Growth -0.08 -0.17 -0.16 -0.16 -0.19 

CR 0.10 0.24 0.02 0.09 -0.06 
Feed 

Intake -2.71 -2.84 -2.83 -2.87 -2.84 

Protein 0.15 0.14 0.19 0.12 0.20 
PRRS 0.49 0.71 0.53 0.41 0.96 

 
Table 2. Phenotypic changes in percentages of animals 
affected by PRRS in the commercial population over  25 
cycles of 142 days for 5 selection strategies, conventional 
(CONV), conventional plus weight on PRRS EBV 
(CONV+), QTL assisted selection (QAS), top 100 QTL 
(MQAS), and all QTL (GWS).  

Trait CONV CONV+ QAS_ MQAS GWS 
Piglets 
infect. -0.03 -0.02 -0.02 -0.01 -0.02 

Piglets 
die -0.02 -0.02 -0.02 -0.01 -0.02 

Sows 
infect. -0.03 -0.08 -0.04 -0.05 -0.06 

Mum. 
Fet. -0.04 -0.05 -0.04 -0.03 -0.03 

 
 

Conclusions 
 

Genetic changes in PRRS resistance are going to 
be difficult to achieve.  While GWS gave greater genetic 
change in nucleus animals, this did not have very much 
effect on the PRRS situation in the commercial herds.  
More strategies should be explored. 

 
The genetic and residual parameters used in the 

simulation of genetic traits could be improved.  The results 
of this study should be viewed with caution. 
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