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SUMMARY 
 

The porcine respiratory and reproductive syndrome (PRRS) is one of the worst infectious 

conditions for the pig industry, causing significative losses annually. In collaboration with a 

production farm, a population of non-vaccinated sows (n~600) has been monitored 

longitudinally for 6 years. During this time, data related to the sows’ prolificacy has been 

registered, for a minimum of one gestation and a maximum of 6: total number of born pigs, live 

births, stillbirths and mummified piglets. At the end of this period, a PRRS outbreak was detected 

on the farm, which was confirmed by serological and molecular methods. Five genetic markers 

for resistance to PRRS infection (CD163, GBP5, WUR100000125, USP18, MX1) were selected 

from the bibliography to study their association with the prolificacy traits in a randomly selected 

subpopulation of sows (n~280). Moreover, the immunity-related HDAC6 gene was selected to 

describe sequence variability and study its relationship with productivity. All the selected 

markers, except USP18, segregated in the tested population, most of them with extreme allelic 

frequencies. Among them, CD163 was the only marker to show a tendency to be associated with 

a lower number of mummified piglets (Prob > |t|= 0.0663) in the heterozygote genotype. Seven 

polymorphisms were described for HDAC6 and one selected for the association study. This 

analysis revealed a tendency in favour of the T allele (Prob > |t|= 0.0911) to increase the number 

of total piglets born alive and decrease the number of mummies. These results confirm the 

possible effect of these molecular markers to confer some resilient response to PRRS, which 

makes them potential candidate genes for selection. 

 

 

KEYWORDS 

Porcine respiratory and reproductive syndrome (PRRS), sow, prolificacy, mummified piglets, 

piglets born alive, molecular markers, polymorphism. 
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RESUM 
 

La síndrome respiratòria i reproductiva porcina (PRRS) és una de les pitjors malalties infeccioses 

per a la indústria porcina, causant pèrdues significatives anualment. Aquest estudi s’ha fet amb 

la col·laboració d’una explotació productiva, amb una població de truges no vacunades (n ~ 600) 

la qual ha estat monitoritzada longitudinalment durant 6 anys. Durant aquest temps, s'han 

registrat, per un mínim d'una gestació i un màxim de 6, dades referents a la prolificitat de les 

truges: nombre total de porcs nascuts, naixements vius, garrins morts i momificats. Al final 

d'aquest període, es va detectar un brot PRRS a la granja, que es va confirmar mitjançant 

mètodes serològics i moleculars. A través de referències bibliogràfiques, es van seleccionar cinc 

marcadors genètics per a la resistència a la infecció PRRS (CD163, GBP5, WUR100000125, USP18, 

MX1) per estudiar la seva associació amb els trets de prolificitat en una subpoblació seleccionada 

aleatòriament de truges (n ~ 280). A més, es va seleccionar el gen HDAC6 relacionat amb la 

immunitat per a descriure la variabilitat de seqüències i estudiar la seva relació amb la 

productivitat. Tots els marcadors seleccionats, excepte el USP18, segreguen en la població 

provada, la majoria d'ells amb freqüències al·lèliques extremes. Entre ells, el CD163 va ser l'únic 

marcador que va mostrar una tendència a associar-se a una menor quantitat de garrins 

momificats (Prob > |t|= 0.0663) en el genotip d’heterozigots. S'han descrit set polimorfismes 

per HDAC6 i un seleccionat per a l'estudi d'associació. Aquesta anàlisi va revelar una tendència 

a favor de l'al·lel T (Prob > |t|= 0.0911) per augmentar el nombre de garrins totals nascuts vius. 

Aquests resultats confirmen el possible efecte d'aquests marcadors moleculars per conferir una 

resposta resistent al PRRS, que els fa possibles candidats per a la seva selecció. 

 

 

PARAULES CLAU 

Síndrome respiratòria i reproductiva porcina (PRRS), truges, prolificitat, garrins momificats, 

nascuts vius, marcadors moleculars, polimorfismes. 
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RESUMEN 
 

El síndrome respiratorio y reproductivo porcino (PRRS) es una de las peores enfermedades 

infecciosas para la industria porcina, causando pérdidas significativas anualmente. Este estudio 

se ha realizado con la colaboración de una explotación productiva, con una población de cerdas 

no vacunadas (n~600) la que ha sido monitorizada longitudinalmente durante 6 años. Durante 

este tiempo, se han registrado, por un mínimo de una gestación y un máximo de 6, datos 

referentes a la prolificidad de las cerdas: número total de cerdos nacidos, nacimientos vivos, 

lechones muertos y momificados. Al final de este periodo, se detectó un brote PRRS en la granja, 

que se confirmó mediante métodos serológicos y moleculares. Se seleccionaron cinco 

marcadores genéticos a través de la bibliografía para la resistencia a la infección PRRS (CD163, 

GBP5, WUR100000125, USP18, MX1) para estudiar su asociación con los rasgos de prolificidad 

en una subpoblación seleccionada aleatoriamente de cerdas (n~280). Además, se seleccionó el 

gen HDAC6 relacionado con la inmunidad para describir la variabilidad de secuencias y estudiar 

su relación con la productividad. Todos los marcadores seleccionados, excepto el USP18, 

segregan en la población probada, la mayoría de ellos con frecuencias alélicas extremas. Entre 

ellos, el CD163 fue el único marcador que mostró una tendencia a asociarse a una menor 

cantidad de lechones momificados (Prob > |t|= 0.0663) en el genotipo de heterocigotos. Se han 

describe siete polimorfismos por HDAC6 y un seleccionado para el estudio de asociación. Este 

análisis reveló una tendencia a favor del alelo T (Prob > |t|= 0.0911) para aumentar el número 

de lechones totales nacidos vivos. Estos resultados confirman el posible efecto de estos 

marcadores moleculares para conferir una respuesta resistente al PRRS, que los hace posibles 

candidatos para su selección. 

 

 

PALABRAS CLAVE 

Síndrome respiratorio y reproductivo porcino (PRRS), cerdas, prolificidad, lechones 

momificados, nacidos vivos, marcadores moleculares, polimorfismos. 
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ABBREVIATION INDEX 
 

CD163: Cluster of Differentiation 163 

dbSNP: Single Nucleotide Polymorphism database 

EDTA: Ethylenediaminetetraacetic acid 

Exo1: Exonuclease 

FEDER: European Funding for Regional Development 

GBP5: guanylate binding protein number 5 

H-W: Hardy-Weinberg 

HDAC6: Histone Deacetylase 6 

HRM: High-Resolution Melting 

MX1: Myxovirus resistance protein 1 

PCR: Polymerase Chain Reaction 

PRRS: Porcine Reproductive and Respiratory Syndrome 

PRRSv: Porcine Reproductive and Respiratory Syndrome virus 

qPCR: quantitative Polymerase Chain Reaction 

RNAsa: Ribonuclease enzyme 

SAP: Shrimp Alkaline Phosphatase 

SNP: Single Nucleotide Polymorphism 

SSC: Sus scrofa Chromosome 

TE Buffer: Tris-EDTA buffer 

TAE Buffer: Tris-Acetate-EDTA buffer 

USP18: Ubiquitin specific protease 18 

WUR100000125: Name of the marker on position SSC4:127441677 
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1. INTRODUCTION 
 

1.1. The Porcine Respiratory and Reproductive Syndrome 
 

The Porcine Respiratory and Reproductive Syndrome (commonly known as PRRS) was first 

described in the USA in the 80s (Collins et al, 1992; Wensvroot et al, 1991). This disease affects 

both growing pigs and production sows and is caused by a virus of the Arteriviridae family, of 

the order of Nidoviridae. The PRRS virus has a single-strand RNA genome and a high mutation 

rate. Despite being highly genetically divergent, it can be classified into two main genotypes: the 

European (genotype 1) strains and the American (genotype 2, highly aggressive) strains 

(Benfieldet al, 1992; Collinset al, 1992; Kappes and Faaberg, 2015, Nelsen et al, 1999).  

PRRS is a porcine-exclusive virus with a high tissue-affinity to the monocyte lineage cells, 

affecting especially alveolar macrophages. At the peak of infection, over 40% of the total 

alveolar macrophages can be destroyed, leaving the animal with a low level of immunity and the 

possibility of secondary viral or bacterial infections. Commonly the disease is worsened with 

secondary bacterial pneumonia. 

Clinical signs of this disease can vary depending on the virus genotype, the individual and the 

herd immunity and the management of the farm. Thus, the final outcome can range from a 

subclinical persistent infection to a fatal disease (Randall et al, 2017).  

 

 
Image 1. Transmission of the PRRSv (source: www.hipra.com, Hermann et al, 2005) 

 

PRRS virus (PRRSv) is transmitted through oronasal contact with any fluid (saliva, nasal 

secretions, feces, urine, semen and milk) and by transplacentary mechanisms. Once the animal 

is affected, the virus replicates inside of the alveolar macrophages, destroying them and causing 

a systemic distribution. After the initial viremia, some animals can be persistently infected, 

becoming subclinical intermittent transmitters of the disease. Transplacentary transmission can 
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happen at any moment of the gestation, but during the last third, the structure and composition 

of the placenta and the increase of the necessary receptors makes the fetuses more susceptible 

to the effects of the disease, such as abortions, stillborns, mummifications, high mortality and 

the increase of small and weaker piglets (Ladinig et al, 2015). In sows, reproductive problems 

can persist up to 4-8 months. In growth-fattening farms, the disease causes severe respiratory 

signs, lower growth rate and hyperthermia.  

 
Table 1. Clinical signs in PRRSv infection by sex and age 

Sows Piglets Grow-finish pigs 

- Inappetence and 

lethargy 

- Stillborn - Inappetence and lethargy 

- Hyperthermia - High perinatal mortality - Late and low growth rate 

- Stillborn and aborted 

fetuses 

- Mummification - Dyspnea, forced-fast 

breathing 

- ~10% Mortality - Weak piglets and weight 

variability 

- Red marks on the skin 

 

The porcine reproductive and respiratory syndrome has world-wide effects on pig production 

(excluding Australia, New Zealand, Finland, Norway, Sweden and Switzerland). Given the high 

rate of infection and mutation, PRRS is one of the diseases with the highest economic impact in 

pig production. In 2013, production loses and costs in USA pig industry was estimated at USA 

$664 million per year (Holtkamp et al, 2013) and of almost 1.5 billion € per year in Europe. In 

Catalonia region, prevalence of PRRS is estimated to be around 90%, but there is no official data 

regarding neither the costs or loses caused by PRRSv infections.  

 

 

1.2. Current methods of PRRS control 
 

To date, different strategies exist and are used to fight PRRS, yet no method has been proved to 

be completely effective to control the disease (Nathues et al, 2018). The difficulty of controlling 

PRRSv infections is mainly caused by the high mutation rate of the virus, which limits the 

successful development of a cross-protective vaccine (Dunkelberger et al, 2017). 

Farms can be classified depending on the stage of the disease into 3 main groups: negative, 

stable and non-stable farms. The objective of the negative farms is to maintain the status by 

applying biosecurity measures such as control of semen and replacing with PRRS-negative 

certified gilts, plague control, adequate farm management and efficient sow acclimatization.  

On the other hand, positive farms and non-stable positive farms aim at reaching a 

homogeneous health status of highly immune non-shedding sows and the production of 

negative piglets at weaning. To accomplish that, the farm must focus the efforts in the 

replacement adaptation to the farm status by (i) mass vaccination (doubtingly effective and 

expensive), (ii) direct contact to the farm’s animals (easy to manage but with highly variable 
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effectiveness), or (iii) with controlled infections (effective and relatively cheap but with a high 

risk). Several vaccine protocols have been developed to control PRRS either in the form of mass 

vaccination or at a fixed point of the cycle, commonly at day 60 of gestation and at day 6 after 

farrowing. While modified live vaccines may reduce the clinical impact of PRRSv infection, it 

exists the possibility to be reactivated and cause the disease. Inactivated vaccines are considered 

to provide a low level of protection at expenses of being almost completely safe (Renukaradhya 

et al, 2015). 

Ultimately, the final aim for positive farms is to eradicate the virus and become negative. There 

exist three main methods to achieve this. First, farm depopulation-repopulation, a highly-

effective but expensive approach based on elimination of all pigs present at the farm, followed 

by minimum 6 weeks of cleaning and disinfecting all facilities and finished by a total repopulation 

with PRRS-free animals. The second method is test and removal, a partial depopulation of all 

PRRSv-positive animals after a serological test of the farm. This strategy is considerably 

expensive yet keeping part of the farm’s production while cleaning and repopulating with 

negative gilts. Lastly, the third option is closure and roll-over. The farmer buys, if possible, all the 

gilts needed for replacement during the next seven to eight months and makes sure all sows are 

exposed to the virus present in the farm and develop proper immunity. The farm is then closed 

for at least seven months, time enough to end virial recirculation in the population. After that 

period, PRRS-free animals are introduced in the farm and tested to prove negativity. Once 

production is normalized, piglets are periodically tested to verify the farm’s negative status. 

 

Antibiotic control is the other main cost of PRRSv infection. As commented before, the animal’s 

immune system is compromised as a consequence of mass macrophages destruction. That in 

mind, a farm with an epidemic status will probably have to spend lots of resources to keep farm’s 

productivity and the animals’ health. 

All strategies have their cost, from changes in management and biosecurity to a far large 

investment in Depopulation-repopulation, and, no strategy is better than the rest as each farm 

is unique. As Fraile (2012) reminded, a cost-benefit-analysis should be an integral part before 

implementing any control or eradication measure for livestock diseases. 

 

 

1.3. Future alternatives to control PRRS – the role of genetic resistance 
 

Animals differ in their response against environmental stressors including pathogens. In the case 

of PRRSv infections, while some pigs get infected with extremely high viral burden and overt 

clinical signs, others have a low pathogen burden inside the body and show no clinical signs 

(subclinical infection). This latter positive trait for animal production is called resistance. 

Moreover, within the affected group, there is a subgroup of them that maintains the production 

rate even having high viral burden inside the body. This positive trait for animal production is 

called tolerance. This latter one is not positive from the epidemiological point of view because 

the virus can spread in the pig population. Both strategies result in the concept of resilience, 

animals whose production is slightly or non-affected by the presence of the virus. Remarkably, 
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these animals might not be the best performers in high-health farms (like pig nucleus farms). 

However, their average production under field conditions, where pathogens recirculate 

frequently, will probably surpass that of high performers in the absence of pathogens. It is widely 

known that there is a genetic component in the interindividual variation in resilience for a 

number of pathogen infections, including PRRSv. Therefore, it could be possible to identify DNA 

markers associated to resilience to PRRSv infection. This information could be potentially 

applied to the selection of breeders in nucleus farms (Dekkers et al, 2017). 

 

 
Image 2. Graphic representation of the resilience, resistance and tolerance of the pigs (Source: DNA markers for 

resilience to infections and productive and meat quality traits in pigs). 

 

 

1.4. Potential molecular markers related to individual responses to PRRSv 

infection 
 

Once a marker association is discovered, several rigorous validation processes are required to 

determine the impact in multiple breeding programs. Ultimately, an economical approach to the 

use of genetic markers is fundamental to their implementation. Currently, several studies have 

reported candidate polymorphisms influencing the pig response to PRRSv infection in the 

guanylate binding protein 5 (GBP5) gene (Koltes et al, 2015) and GBP1 (single nucleotide 

polymorphism (SNP) WUR1000125) (Boddickeret al, 2012), the scavenger receptor cysteine-rich 

type 1 protein, CD163 (Ren et al, 2012), the myxovirus resistance protein,MX1 (Li et al, 2015) 

and the ubiquitin specific peptidase, USP18 (Li et al, 2014). 

 

CD163is a 130kDa type 1 membrane protein encoded by the CD163 gene in Sus scrofa 

chromosome (SSC)SSC5: 63,300,146-63,334,537. This protein functions mainly as a virus 

receptor, although it has also a role in maintaining normal cell homeostasis. The relationship 

between CD163 and PRRSv was first described by Calvert et al, in 2007, demonstrating the 

participation of this receptor in the uptake and infectivity of the PRRSv. Recent studies have 

shown that pigs with a CD163 knockout lack this receptor on macrophages and, therefore, are 

not infected by PRRSv (Whitworth et al, 2016; Wells et al, 2017). A pig company has acquired 
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the patent for these CD163 knockout animals to implement this strategy in order to control 

PRRSV under field conditions. 

 

The guanylate binding protein gene family are a group of genes activated by interferons that 

cluster in SSC4, around the 126-128 Mb region. A SNP mutation in the GBP1, named 

WUR10000125 (stable ID as rs80800372 in the dbSNP of NCBI) has been associated to viral load 

and body weight gain following PRSSv infection as part of a genome-wide association analysis 

(Boddicker et al, 2012). Pigs carrying the minor allele B had lower viral load and better growth 

rates during PRRS outbreaks. These findings have been validated by latter studies of the same 

research group (Boddicker et al 2014). 

 

A second gene of the GBP family, GBP5, is located in SSC4: 139,136,697–140,420,778and plays 

a role in inflammasome assembly during immune response. Within this gene, a SNP named 

rs340943904 has been reported to be the most likely causal mutation for the effects reported 

with the GBP1 WUR1000125 SNP. The mutation changes the sequence and the length of the 

GBP5 protein by promoting a change in the splicing of one of the last exons of the gene. The less 

functional GBP5 protein is associated with less efficient control of virus replication, resulting in 

pigs with high viremia levels during the infection. The GBP5 SNP mutation is a strong candidate 

to control variation in pig’s response to the disease (Koltes et al, 2015).  

 

The fifth gene, the ubiquitin specific protease 18 (USP18) is located in SSC5: 70,183,279-

70,227,984and has been associated with the innate immune response to pathogens in multiple 

organisms (Xu et al, 2012). Several studies showed USP18 expression to have a direct relation to 

PRRSv replication rate and growth (Xing et al, 2014). Moreover, a population genetics analysis 

carried out by Li et al. on 2014 found a SNP mutation in the promoter of the gene at position-

1533 from the START codon (-1533G>A) with the potential use of being a DNA marker for PRRSv 

resistance. 

 

Finally, MX1 encodes for the myxovirus resistance protein 1, which has a potent anti-RNA viral 

activity and is known to be involved in the first line defence against PRRSv. Thus, a polymorphism 

described in the promoter region of this gene, located in Chromosome 13 (SSC13): 204,847,561-

204,868,477, can be tested as a potential marker for pigs resistance to PRRSv (Li et al, 2015). 

  

https://www.ensembl.org/Sus_scrofa/Location/View?db=core;g=ENSSSCG00000000774;r=5:70183279-70227984
https://www.ensembl.org/Sus_scrofa/Location/View?db=core;g=ENSSSCG00000000774;r=5:70183279-70227984
https://www.ensembl.org/Sus_scrofa/Location/View?db=core;g=ENSSSCG00000012077;r=13:204847561-204868477;t=ENSSSCT00000034038
https://www.ensembl.org/Sus_scrofa/Location/View?db=core;g=ENSSSCG00000012077;r=13:204847561-204868477;t=ENSSSCT00000034038
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2. HYPOTHESIS 
 

Previous studies have shown that the inter-individual variation in the response to PRRSv 

infection is partially explained by genetic factors. Given this information a hypothesis is 

formulated: The variation in susceptibility to PRRS virus is partially caused by mutations in the 

porcine genome, which influence the production output of PRRS virus-infected sows. 

 

 

3. OBJECTIVES  
 

The main objective of this Final Project is to identify and characterize genetic markers associated 

with resistance to PRRS virus infections in commercial sows. 

To reach this goal, the following subobjectives are considered: 

1. To study the association of five genetic markers reported in the literature in 

candidate genes related to viral infections with sow reproduction traits. 

2. To describe new mutations in immunity-related genes and study their relationship 

with sow productivity. 
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4. MATERIALS AND METHODS 
 

4.1. Project outline 
 

This Final Project was developed in the frame of the wider project REGEVA “Noves Estratègies 

per Controlar el Virus de la Síndrome Respiratòria i Reproductiva Porcina” funded by ACCIÓ and 

FEDER (RIS3CAT, code COM-RDI16-1-0035). In collaboration with a pig production company, a 

longitudinal tracing experiment was performed with an n=600 sow population of crossbred pigs 

between Landrace and Large-White, from 2012 to 2018. Data was registered for prolificacy 

traits, from a range of one to six parities: total of piglets born, piglets born alive, stillborn and 

mummified. Sows were not vaccinated against PRRSv. Blood samples were collected from a 

randomized sub-group of 280 animals. The selected animals were organized in four independent 

batches. As previously commented, no vaccination was applied in the production farm but the 

gilts were vaccinated once at 7 weeks of age to phenotype them against PRRSV. This fact is not 

described in this document because it is independent of the study carried out with DNA markers.  

 

 

  

 

Figure 1. General outline of the prolificacy tracing experiment framing this Final Project. 
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4.2. DNA isolation from blood samples 
 

Previous to the genetic analysis, DNA needs to be isolated and purified from blood samples. For 

that reason, the following protocol was used: 

1- If blood samples are frozen, thaw slowly, mix the tubes by inversion and pipette 300μl 

in an Eppendorf tube. Add 800μl of TE buffer and strongly shake the mix, which will 

destroy the erythrocytes by osmotic shock and eliminate the haemoglobin capable of 

interfering with the subsequent PCR reactions. Centrifuge the tube and eliminate the 

supernatant while retaining the pellet of white blood cells present at the bottom of the 

tube. Repeat the cleaning 3-5 times until the pellet is completely white and the 

remaining liquid transparent. Add, to each Eppendorf tube, 500μl of Lysis buffer 

supplemented with Proteinase K, and incubate the samples at 56ºC for 8h. The samples 

need to be in constant shaking during this step. 

 

2- After the incubation, add 2μl or RNAse enzyme (1 mg/ml) and heat it at 37ºC for 20 

minutes. Then add 250μl of NaCl 4M and 250μl of Chloroform, mix the samples and 

centrifuge for 10 minutes. The supernatant is transferred to a new tube, and 700μl of 

Isopropanol are added. The tube is slowly mixed by inversion 4 to 5 times. Samples are 

frozen at -20ºC for at least 30 minutes. 

 

3- Spin the samples for 20 minutes at 4ºC and 12,000 g. Discard the supernatant, add 700μl 

of Ethanol-70% and centrifuge for 10 minutes. Discard the liquid and dry the tubes in 

the oven for 3 to 5 minutes. Add 200μl of buffer TE and shake the samples until the 

pellet is freely floating in the mix. Keep the samples at 4ºC, mixing occasionally, until the 

sample is homogeneous. 

 

4- Quantitate the concentration of the DNA in a Nanodrop spectrophotometer: 

a. g/l: Shows the DNA concentration of the samples. 

b. A260/280: Informs of the purity of the DNA: 

i. From 1,8 to 2,0: Pure DNA 

ii. < 1.8: The DNA is contaminated with proteins, phenol, ethanol, or other 

substances. The lower the number, the more impure is the sample.  

 

 

4.3. Primer design 
 

Primers are constructed sequences designed to attach to a specific point of the target genome 

in order to replicate a sequence. To design the primers specific for each marker, Ensembl’s 

(www.ensembl.org) pig database was used to locate the previous markers and export the 

genomic region flanking it. New primers were designed for every marker using Primer3plus 

(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi) and PrimerBlast 

(www.ncbi.nlm.nih.gov/tools/primer-blast) online tools. For each region to be amplified, a 

http://www.ensembl.org/
http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
http://www.ncbi.nlm.nih.gov/tools/primer-blast
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primer set needs to be designed. The exact parameters differ from each region depending on 

the type of experiment, sequence or length, although several basic rules must be followed. 

1. Primer length must be between 18 to 25 nucleotides and similar for both forward and reverse 

strains. 

2. The percentage of Cytosine and Guanine (%G+C) must be between 40%-60%.  

3. Temperature of melting must be from 55 to 64ºC. Several formulas are used to calculate the 

approximated temperature, for example: 

 

Tºm = 4x(G+C) + 2x(T+A) 

 

Considering Tºm: Temperature of melting; G: number of Guanine nucleotides; C: number of Cytosine 

nucleotides; A: number of Adenine nucleotides; T: number of Thymine nucleotides. 

 

4. Regarding the primer sequence, several factors must be taken in account to ensure the correct 

position of the primer: 

i. Primer sequences must not include polymorphism. 

ii. Primer sequences must be identically complementary to the sequence of the 

target gene. 

iii. More than three repetitions of the same nucleotide must be avoided 

iv. The primer should have a strong initial and final union by starting and ending 

with a C or G nucleotide to gain stability 

Finally, complementarity between or within primers must be avoided, otherwise small double 

chain structures named Primer Dimers might be formed during the PCR process. Two primer 

sets were design for each marker, in order to test them and select the best performer on the 

genotyping protocols (Table 2). For the characterization of the new gene (HDAC6), primer sets 

were design to amplify fragments of approximately 600-1200 bp of the cDNA, in order to 

sequence them in one reaction (Table 2). 
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Table 2. List of primers used for the different markers. 

Primer name Direction Sequence Length 

GBP5-HRM-1 Fw-1 AGGATGGCTGCTAACACTTG 
117bp  

Rv-1 GGAGGGAGAAGGATGGGTACT 

GBP5-HRM-2 Fw-2 AAAGTTTACAGCCTCTGCTTGC 
91bp  

Rv-2 GGAGGGAGAAGGATGGGTA 

CD163-1 Fw-1 CTCCTGGTATTCCAAAGACTGC 
90bp  

Rv-1 TGCCCTTGAAAGTCTTACATACA 

CD163-2 Fw-2 CTCCTGGTATTCCAAAGACTGC 
133bp  

Rv-2 GAAAATCAAGAACAAGAATCAGCA 

MX1-1 Fw-1 CCAGATTGCCAAATTCCCTA 
247bp  

Rv-1 CAGGCTAGGGGTTGACTCAG 

MX1-2 Fw-2 AGCCTTTGAGGGTTCCTGTT 
208bp  

Rv-2 CAGGCTAGGGGTTGACTCAG 

USP18-1 Fw-1 ATGCAGGAAAGAAGGGAAGG 
112pb  

Rv-1 GGGACATGAACACAAACACG 

USP18-2 Fw-2 AGGAAAGAAGGGAAGGGAAG 
108pb  

Rv-2 GGGACATGAACACAAACACG 

HDAC6.1-1 Fw-1 ATGGGGTGGGAGAGAGTTG 
724bp  

Rv-1 GGTTTCTTTGTCCCTGTCCA 

HDAC6.1-2 Fw-2 CATGGGGTGGGAGAGAGTT 
727bp  

Rv-2 GCGGTTTCTTTGTCCCTGT 

HDAC6.2-1 Fw-1 CCCTTCTCAGTCACCTCCAT 
625bp  

Rv-1 TGAGTATGGCCTGGAGAAGC 

HDAC6.2-2 Fw-2 GATGGAGGCTAGCGTAGGG 
695bp  

Rv-2 TGAGTATGGCCTGGAGAAGC 

HDAC6.3-1 Fw-1 TGGGGGAACTAAGGAGAGAA 
862bp  

Rv-1 CCCACTTAACTCAGGGATCG 

HDAC6.3-2 Fw-2 GGGTTTTTGGGGAGACTGAC 
733bp  

Rv-2 GACAGGAACTCCTGGCAAGT 

HDAC6.4-1 Fw-1 CCCTCACATTCCCCCTCCTA 
1287bp 

 Rv-1 CCTCTCCTGGAGCCTAAGGT 

HDAC6.5-1 Fw-1 TCCAGTCTCCCCAGTTGTCT 
997bp 

 Rv-1 CACAAACGGGCCAAAGAAGG 
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4.4. End-point Polymerase chain reaction (PCR) 
 

The polymerase chain reaction technique is a method used to produce a vast number of copies 

of a specific part of the DNA through pre-established primer sequences from a main DNA chain. 

To replicate the sequence a Thermocycler is required so the reaction is submitted to the 

designed cycles of oscillating temperatures.  

 

A basic PCR mix contains the following ingredients: 

- A Buffer, to maintain the adequate pH and salt concentration for the enzyme 

- MgCl2 as enzyme cofactor.  

- dNTPs, a mix of free nucleotides to create the new chains.  

- Specific forward and reverse Primers for the target gene.  

- Taq polymerase, a thermoresistant replicator enzyme isolated from the bacteria 

Thermus aquaticus. 

- Genomic DNA, which contains the desired sequence as template for the replication. 

 

In this final project, two sets of final PCRs were performed. First, a PCR used to diagnose the 

MX1 indel mutation (Table 3). Secondly, PCRs were optimized to amplify the HDAC cDNA to be 

sequenced by Sanger reaction (Table 3).  

 

Table 3. PCR master mix of reagents used in the MX1 and HDAC6 end-point PCRs performed in this Final Project. 

MX1  HDAC6 

 H2O 8,5 μl  H2O 15,7 μl 

 Buffer x10 1,25 μl  Buffer x10 2,5 μl 

 50 mM MgCl2 0,5 μl  50 mM MgCl2 1 μl 

 5 mM dNTPs 0,4 μl  5 mM dNTPs 0,8 μl 

 10 uM Primer Mix 1 μl  10 uM Primer Mix 0,8 μl 

 Taq Polymerase (5U/ul) 0,07 μl  Taq Polymerase 

(5U/ul) 

0,2 μl 

 Total 11,6 μl  Total 21 μl 

      

 DNA sample 2 μl (40 ng)  DNA sample 4 μl (80 ng) 

 

 

Thermal conditions for the PCR have to be optimized for each individual experiment, although 

a basic PCR cycle is routinely applied as a starting point. 
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Table 4. Basic PCR program used to perform end-point PCRs. Final temperatures and times need to be established 

for each new pair of primers. 

Basic PCR program Temperature Time 

Initial DNA denaturation 95ºC 3-10 min 

 

35 cycles 

DNA denaturation 97ºC 15-30 sec 

Annealing of primers  56-60ºC 20-90 sec 

Product extension 72ºC 30-90 sec 

Final extension 72ºC 5min 

 

End-point PCRs need to be checked by electrophoresis in agarose gels after the PCR cycle is 

finished. Usually, 1,2-1,6% agarose gels are prepared, depending on the size of the expected PCR 

product. 

 

 

4.5. Real time quantitative PCR 
 

Real time qPCR method allows the quantification of gene expression by a specialized 

thermocycler able to detect fluorescent signals. For WUR10000125, CD163 and GBP5 markers, 

real time quantitative PCR methods were set up using Luminaris HRM reagents, which consists 

of a mix of all the PCR reagents excluding the DNA and the primer sets. The prepared mix for all 

experiments were as is showed in the following table. 

 

Table 5. PCR master mix of reagents used in the real-time PCRs performed in this Final Project 

Basic mix for real time qPCR 

 H2O 2 μl 

2x Luminaris HRM Master Mix 2,5 μl 

Primer mix 0,5 μl 

Total 5 μl 

  

DNA sample 1 μl (10-20 ng) 

 

The reading of the High-Resolution Melting technique is achieved by using a fluorescent dye that 

bind specifically to double-stranded DNA and when they are bound, they fluoresce brightly. In 

the absence of double stranded DNA, they have nothing to bind to and they only fluoresce at a 

low level. At the beginning of the HRM analysis there is a high level of fluorescence in the sample 

because of the billions of copies of the amplification. However, as the sample is heated up and 

the two strands of the DNA melt apart, presence of double stranded DNA decreases and thus 

fluorescence is reduced. The HRM machine measures the fluorescence plots this data into a 

graph known as melt curve, showing the level of fluorescence vs the temperature: 
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Image 3. Graphic representation of the different alleles in the HRM technique. (Source: www.bio-rad.com) 

 

 

4.6. Agarose gel electrophoresis 
 

Electrophoresis in agarose gel is a technique used to separate DNA molecules depending on their 

weight. This gradual differentiation is achieved by exposing the DNA to an electric field in the 

agarose matrix. The positive side attracts the DNA chains (which are negative) to the other side 

of the agarose gel. The gel works as a filter for the DNA and because smaller chains migrate 

faster than big fragments. A molecular weight marker is used to know the approximate length 

of the DNA fragments. 

 

The resolution and speed for the separation of the chains are regulated by the concentration of 

agarose in the prepared gel and the applied voltage. Agarose gel is prepared by adding the % in 

grams of agarose in 100ml of 0,5xTAE buffer and cooked until is dissolved. 

Then 1μl of 1000 x Ethidium bromide are added and finally the mix is poured in the mould and 

the well mould is located in place. In this Project, 1% to 1,5% agarose gels were prepared.  
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Image 4. Example of the agarose gel electrophoresis technique. (source: www.sciencedirect.com) 

 

To run the gel, load 5μl of PCR product and 2μl of loading buffer in each well. In addition, load 

4μl of marker DNA ladder in a separate well. For a 100V voltage, the run might take 30 min to 

end. Once the run ends place the gel inside the Megacapt, a gel doc system that, through a UV 

light filter, shows and allows taking photos of the results. 

 

 

 
Image 5. Examples of resulting agarose gels, visualizing the allelic differences for the MX1 marker. 
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4.7. Preparation of samples for sequencing 
 

For the sequencing of the HDAC6 gene, the methodology required to prove the correct function 

of the designed primers. Once the primers were validated, a new subgroup of sixteen random 

animals were chosen to perform an end time PCR, which was checked by electrophoresis. The 

positive samples were cleaned using the following method (to eliminate the previously added 

primers and ensure that the resulting sequences are the correct) and sent to be sequenced. 

 

10μl PCR 

+ 3μlFw 10uM 

10μl PCR 

+ 3μlRv 10uM 

 

 

 

 

4.8. Statistical analysis 
 

Reproductive and genotyping data was analysed through JMP to describe differences in sows 

for each one of the characters in a mixed model analysis. The following model was used for each 

of the different phenotypical traits:  

 

 

 

 

Where, Phenotype is the reproductive trait tested; Batch is the vaccination batch of the 

population (4 levels); Parity is the parity number of the gathered data (5 levels); Marker are the 

genotypes of the marker tested (3 levels); Health status is the Endemic (Non-

outbreak)/Epidemic(Outbreak) status of the farm to PRRSv infection (2 levels).The markers were 

tested individually for each of the prolificacy traits. 

Differences between genotype groups were tested by a Student t-test and considered significant 

at p<0,05 and with a tendency to significance at p<0,10. 

  

   Cleaning program  

20μl of 

resulting 

PCR 
+ 

2μl of SAP 

1μl ofExo1 

37ºC → 15 min  

85ºC → 15 min  

4ºC → ∞  

Phenotype = Batch + Parity + Marker + Health status + Animal + Mother + error 

         Fixed effects    Random effect 
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5. RESULTS 
 

5.1. Exploratory analysis of the reproduction data 
 

As mentioned above, the exploitation we worked with recorded data on reproduction and 

prolificacy of its population from 2012 to 2018. The distribution of these data has been assessed 

and the main statistical descriptors are summarized in table 6. The traits have been compared 

across the endemic and epidemic PRRS status of the farm. The values of production in non-

endemic situation agree with the values given by the 2017 Reference Data Bank of the Spanish 

Swine production reference. In this database, the values of mummified piglets do not appear, 

even so, since the values of total born, piglets born alive, stillbirths and the mortality percentage 

are similar to those calculated in this farm, the mummified data obtained can be considered as 

acceptable.  

During the epidemic situation there is a marked decrease in reproductive traits, which agrees 

with the expected effect of a PRRS outbreak, except for number of piglets born alive (NV). The 

table below shows the significant differences in the reproductive values obtained in the farm by 

the PRRSv effect. The size of data in the outbreak (n=184, from 184 females) is 6 times smaller 

than during the endemic PRRS situation (n=1280 parities, from 381 sows). One of the reasons is 

that a typical PRRS outbreak lasts around 3-4 months so it will only extend over one parity per 

female, while the mean number of parities per female during the endemic situation is close to 

3 parities per sow. In the outbreak situation, the PRRSv infection occurred while the majority of 

the population where around the fifth gestation. 

Total number of born (NT) piglets was 0.84 piglets higher during the epidemic phase than during 

the endemic period. When mummies were considered (NTM), the difference amounted to 1,72 

piglets more born during the epidemic phase. The difference is due to the number of piglets lost 

(NLP, either born dead or mummified), increasing from 1,75 during the endemic period to 3,5 in 

the epidemic situation, rather than the number born alive, which was not significantly different 

between phases. 

This difference in dead piglets is also represented by the marked increase in the mortality 

percentage. During the endemic situation the mean of the farm’s mortality was at 12%, while 

during the epidemic situation, the mortality percentage increased to 21% coinciding to the 

studied effect of PRRS infection.  

 

 

Table 6. Reproduction data analysis of the studied population, means, standard error, minimums and maximums 
differing between health status of the farm. 

Prolificacy trait1 Total 
Health Status 

Endemic Epidemic P value 

Parity N. of animals 381 184 

<0,0001 

N. of data 1280 184 

Mean 2,68 5 

Standard error 0,04 0,10 

Minimum 1 1 

Maximum 5 6 
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NT (NV + NM) N. of animals 381 184 

0,0034 

N. of data 1280 184 

Mean 13,40 14,24 

Standard error 0,10 0,27 

Minimum 2 3 

Maximum 24 24 

NTM (NT + MM) N. of animals 381 184 

<0,0001 

N. of data 1280 184 

Mean 13,50 15,22 

Standard error 0,10 0,28 

Minimum 2 3 

Maximum 24 25 

NV N. of animals 381 184 

0,9691 

N. of data 1280 184 

Mean 11,74 11,75 

Standard error 0,09 0,26 

Minimum 2 0 

Maximum 21 21 

NM N. of animals 381 184 

<0,0001 

N. of data 1280 184 

Mean 1,66 2,49 

Standard error 0,056 0,16 

Minimum 0 0 

Maximum 20 11 

MM N. of animals 381 184 

<0,0001 

N. of data 1280 184 

Mean 0,10 0,97 

Standard error 0,01 0,12 

Minimum 0 0 

Maximum 4 11 

NLP (NM + MM) N. of animals 381 184 

<0,0001 

N. of data 1280 184 

Mean 1,75 3,50 

Standard error 0,06 0,22 

Minimum 0 0 

Maximum 20 15 

Mortality 
(NLP/NT) 

N. of animals 381 184 

<0,0001 

N. of data 1280 184 

Mean 11,96 21,61 

Standard error 0,37 1,33 

Minimum 0 0 

Maximum 100 100 
1 Traits: NV – number born alive; NM – number born dead; NT – total number born; MM – number of mummies; NLP 

– total number of losses 
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5.2. Allelic frequency of the markers in the sow population 
 

A fast genotyping protocol was optimized individually for the different markers. 

The USP18 marker did not to segregate in our population. All the sampled pigs carried the AA 

allele. For this reason, this marker was discarded from the analysis. 

Once the genotypes of the animals in the population were gathered, the genotype frequencies 

were calculated, by dividing the number of animals for each genotype by the total number of 

the population. Allelic frequencies were calculated from these values and a Hardy-Weinberg test 

(HW) was performed to evaluate if genotypes were distributed as expected by the HW laws. The 

Hardy-Weinberg equilibrium estimates the distribution of the alleles in genotypes in the 

population by applying the following formula: 

 

𝑛𝐴𝐴

𝑁
= %𝐴𝐴;     

𝑛𝐴𝑎

𝑁
= %𝐴𝑎;     

𝑛𝑎𝑎

𝑁
= %𝑎𝑎 

 

𝑝 = %𝐴𝐴 +
1

2
%𝐴𝑎                𝑞 = %𝑎𝑎 +

1

2
%𝐴𝑎 

 

AA P2 ·N 

Aa 2pq·N 

aa q2 ·N 

 

Table 7. Genic frequencies for the marker WUR10000125 in the studied population and expected number of animals 

for each allele in Hardy-Weinberg equilibrium. 

WUR10000125 

Genotypes Observed Allelic frequency Expected in H-W equilibrium 

AA 163 p(A)= 0,82 

q(G)= 0,18 

P2 ·N= 167,81 X2= 4,37 

P<0,05 AG 82 2pq ·N= 72,39 

GG 3 q2 ·N= 7,81 

Total 248 1 Not in H-W equilibrium 

 

Table 8. Genic frequencies for the marker GBP5 in the studied population and expected number of animals for each 

allele in Hardy-Weinberg equilibrium. 

GBP5 

Genotypes Observed Allelic frequency Expected in H-W equilibrium 

AA 8 p(A)= 0,23 

q(G)= 0,77 

P2 ·N= 14,38 X2= 4,82 

P<0,05 AG 107 2pq ·N= 94,24 

GG 148 q2 ·N= 154,38 

Total 263 1 Not in H-W equilibrium 
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Table 9. Genic frequencies for the marker CD163 in the studied population and expected number of animals for each 

allele in Hardy-Weinberg equilibrium. 

CD163 

Genotypes Observed Allelic frequency Expected in H-W equilibrium 

AA 47 p(A)= 0,54 

q(G)= 0,46 

P2 ·N= 75,14 X2= 49,49 

P<0,001 AG 185 2pq ·N= 128,73 

GG 27 q2 ·N= 55,14 

Total 259 1 Not in H-W equilibrium 

 

Table 10. Genic frequencies for the marker MX1 in the studied population and expected number of animals for each 

allele in Hardy-Weinberg equilibrium. 

MX1 

Genotypes Observed Allelic frequency Expected in H-W equilibrium 

Insertion 8 p(Ins)= 0,11 

q(Del)= 0,89 

P2 ·N= 3,02 X2= 10,28 

P<0,005 ID 41 2pq ·N= 50,96 

Deletion 220 q2 ·N= 215,02 

Total 269 1 Not in H-W equilibrium 

 

 

The population showed a high variability for the different markers (Tables 7 to 10), yet some of 

the allelic combinations hardly appeared, like the GG combination in WUR10000125 marker, AA 

combination in the GBP5 marker and the insertion homozygote in the case of the MX1 marker. 

Moreover, with the exception of the CD163 marker (Table 9), the allelic frequencies showed an 

extreme segregation (<0,3). The population was not in Hardy-Weinberg equilibrium for any of 

the markers, the observed genotypes differ highly from the expected numbers. 

The sows used for the experiment were a cross between Landrace and Large-White animals. If 

the alleles were distributed following a HW equilibrium in the parental lines, the equilibrium is 

lost in the F1 generation. One extra generation is needed to reach the equilibrium again. This 

could explain why none of the markers tested were distributed in genotypes according to the 

HW laws. 
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Image 6. Graphic visualization of the allelic distribution of the population 

 

 

5.3. Identification of new markers in the HDAC6 gene. Results of sequencing. 
 

A new markers characterization was performed in HDAC6 gene (Lu et al., 2017). This gene is 

proven to be related to the response of the pigs to an experimental infection to PRRSv, although 

no mutation has been described as yet. The gene is located in the SSC X: 42,917,386-

42,941,887 and plays a role in the regulation of the transcription and progression of the cycle of 

the cell. Five fragments of the gene were chosen to be amplified from genomic DNA and 

sequenced in subgroups of sixteen animals to discover potentially related polymorphisms. In the 

present Final Project ten mutations were found by analysing the sequenced fragments, as 

described below. 

Firstly, five pairs of primers (Table 2) were designed, one pair for each fragment of the HDAC6 

sequence. These primers were tested by electrophoresis after an end time PCR in a subgroup of 

8 random animals. The primers for the fragments 4 and 5 worked correctly, the primers for the 

other three fragments did not work and, for that reason, a new set of primers were designed 

(Table 2).  

 

 

Image 7. HDAC6 gene introns and exons, the green layers show the position of the chosen fragments HDAC6.1 to 

HDAC6.5 in order from left to right. 

http://www.ensembl.org/Sus_scrofa/Location/View?db=core;g=ENSSSCG00000025545;r=X:42917386-42941887
http://www.ensembl.org/Sus_scrofa/Location/View?db=core;g=ENSSSCG00000025545;r=X:42917386-42941887
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Image 8. Examples of resulting agarose gels for the HDAC6 samples sent to sequencing. 

 

Table 11. Number of samples sent to be sequenced and number of correctly sequenced for the HDAC6 gene. 

 HDAC6.1 HDAC6.2 HDAC6.3 HDAC6.4 HDAC6.5 

 Fw Rv Fw Rv Fw Rv Fw Rv Fw Rv 

Sent 15 15 16 16 15 15 16 16 16 16 

Sequenced 11 10 8 11 14 13 14 13 15 10 
Fw= Forward, Rv= Reverse 

 

With the help of the computer programs Chroma and Genestudio.exe, the sequences were 

aligned to find differences between them. All mutations found (Table 12) were changes in a 

single polymorphism, these changes are known as SNPs (single nucleotide polymorphism). 

 

Table 12. Potential mutations found in the sequenced fragments of the HDAC6 gene. Mutations in fragment 1 

change de sequence of the 5’ untranslated region (5’UTR) of the HDAC6 mRNA. 

HDAC6 

fragment 

Polymorphism Position from 

ATG* 

Location Change type 

Fragment 1 

(promoter 

region) 

C/T -1538 Exo1 5’UTR 

Fragment 2 G/A +35 Exo3 Arg12Lys 

C/G +63 Exo3 Synonyms (His21) 

Fragment 3 G/A +2180 Intron 13 - 

G/A +2222 Exo 14 Gln337 

G/A +2340 Intron14 - 

C/T +2360 Exo15 Pro360Leu 

Fragment 4 C/A +3785 Exo19 Pro503His 

Fragment 5 G/T +9813 Exo25 Gln799 

C/A +10450 Intron26 - 
*The positions of the polymorphisms were calculated over genomic DNA sequence 
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From all the polymorphisms, those placed in intron sequences were excluded as the mutation 

do not affect the structure of the coded protein. From the remaining mutations the fourth 

polymorphism in fragment 3, C/T change in exon 15 (Table 11) was found in the sequenced 

reverse fragments, and was the clearest of the potential mutations. For that reason, this SNP 

mutation was selected for the genomic study in the population. A fast genotyping protocol was 

set up and optimized as described in the Methods section. 

 

The HDAC6 gene sequence fragment 3 SNP was found in the group of samples sent to sequence 

with the inverse primer. This change can be visualized in the following image (Image 9) which 

has been marked with the letter R following the official code (Table 13) for ambiguities of two 

nucleotides of the IUPAC (International Union of Pure and Applied Chemistry). As mentioned 

above, the SNP was found in the inverse string (5' to 3'), so it must be transcribed to find the 

mutation in the complementary string (3' to 5'). Following the previously mentioned IUPAC code 

(Table 13), the sequence of fragment 3 was modified, changing the R (change of adenine for 

guanine) for a Y (change of thymine for cytosine) as shown below (Image 10). 

 

 

 
Image 9. Comparison of the resulting sequences, in Genestudio.exe software, for the reverse-primer group of the 
fragment 3 sequence of the HDAC6 gene. The red-marked capital letter R sets the nucleotide ambiguity between an 
Adenine and a Guanine as it is marked by the official code of nucleotides ambiguities by the IUPAC (International 
Union of Pure and Applied Chemistry). 
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Table 13. Official code list for nucleotide ambiguities of the IUPAC. 

IUPAC nucleotide 

code 

Ambiguity 

R A/G 

Y T/C 

S G/C 

W A/T 

K G/T 

M A/C 

 

 

 

Image 11. Resulting graphic for the aligned curves of the High-Resolution Technique for the selected HDAC6’s 
mutation. The alleles are differentiated by the colour of the strings: CC in red, CT in green and TT in blue. 

 

TTGGGGGTTTTTGGGGAGACTGACTCTCTCCTCAACCCCTTCCTCTTCTTTTTTCTCTGCCTCCAGCGTCCTCTAT

TTCTCCATCCACCGCTATGAGCAGGGTCGGTTCTGGCCCCACCTTAAGGCCTCTAATTGGTCCACCACGGGTTT

TGGCCAAGGCCAGGGATACACCATCAATGTGCCTTGGAACCAGGTCAATGTCCGCCCACCCTTTGCCCCCAAC

GTGAGGCCCACCCCGGCCTTTCAAGGTAGACAGCAGGACATCCCCATCATGCCTCCCTGTCCGCAGGTGGGG

ATGCGAGATGCCGACTACATTGCTGCTTTCCTGCACCTCCTGCTGCCAGTCGCCCTTGAGGTCCTGAGGGGCA

GGGGTGTGTTGGGGCAGGGTATGTTGAGGGATGGGCCGTGAAGGCAGGTGGCCTCATGTGGTCCCTTCCCC

CTGCAGTTCCAGCCCCAGCTGGTCCTGGTAGCCGCTGGCTTTGATGCCCTCCAAGGGGACCCCAAGGTAAGG

CTGGCTCACTGGGATGGTGTGGGGAGCAGAAGGGGACCACGCTGACCCTCCACGTCCCCCGTAGGGTGAGA

TGGCCGCCACTCYGGCAGGGTTCGCCCAGCTAACTCATCTGCTCATGGGTCTGGCAGGAGGCAAGTTGATCCT

CTCACTGGAGGTGAGTGACCCACTACGGCTCTCAGCCTGTGGAACCTGGAAGACAGAAGAACAACTTGCCAG

GAGTTCCTGTCGTGGCACAGTGGTTAACGAATCTGACTGGGAACCATGAGGTGG 

Image 10. HDAC6 fragment 3 sequence, exons (blue) and introns (grey). Primers (forward and reverse) are 
highlighted (yellow). The potential mutation is marked (red) by following the IUPAC official code. 
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5.4. Allelic frequency of the HDAC6c.13304C>T marker in the sow population 
 

In the studied case, considering the C nucleotide genotype as the normal and T as the wild type, 

the main allelic combination in the population was the heterozygote CT (Table 14), which led to 

an intermediate allelic segregation. (p/q=0.4-0.6). Despite this, the population was not in Hardy-

Weinberg equilibrium for this marker. 

 

Table 14. Allelic and genotype frequencies for the marker HDAC6 in the studied population and expected number of 

animals for each allele in Hardy-Weinberg equilibrium. 

HDAC6 

Genotypes Observed Allelic frequency Expected in H-W equilibrium 

CC 75 p(C)= 0,58 

q(T)= 0,42 

P2 ·N= 86,05 X2= 7,95 

P<0,005 CT 148 2pq ·N= 125,9 

TT 35 q2 ·N= 46,05 

Total 258 1 Not in H-W equilibrium 

  

 

5.5. Association with reproductive traits 
 

The statistical analysis showed a marked difference (P Value < 0,001) of some environmental 

factors, such as the batch, the parity and the situation of the farm (outbreak – non-outbreak), 

over most reproductive traits. The variation of prolificacy between groups are given due to their 

internal status, the groups have no contact with each other and because of that the circulation 

of the virus must differ in each case. 

As it is written in past studies, sows have a fluctuation of the characteristics of their litter 

depending on the gestation. The first cycle provides smaller litters (lower number born), which 

are also smaller in size. In the following gestations, the litter size increases and the mortality of 

piglets is reduced. Around the fourth cycle these traits are in their maximum expression. Lastly, 

from the sixth gestation and onwards, the number and size of the piglets is reduced a little and 

their mortality increases again.  

The situation of the farm also affects these characteristics as it was expected, the same sows 

have a great decrease of their prolificacy traits in the outbreak situation for the effect of the 

virus. The presence of this variations proved that the statistical analysis was correctly carried 

out, and so the resulting data of the markers could be considered as reliable. 

Unfortunately, in the case of the markers WUR10000125 (Table 15), GBP5 (Table 16) and MX1 

(Table 17) no clear evidence was observed of a relation between the presence of the different 

polymorphisms and the reproduction performance. Despite of these results, in three specific 

cases the analysis showed a possible tendency: the effect of the CD163 marker (Tables18 to 21) 

and the number of mummies, and, the other two potential differences, in the effect of the new 

studied mutation of HDAC6 to the measured data of piglets born alive and to the number of 

mummies as well (Tables 22 to 26). 
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Table 15. Results of the association between WUR10000125 marker’s genotypes and the different reproductive 

traits. 

 

 

Table 16. Results of the association between GBP5 marker’s genotypes and the different reproductive traits. 

 

 

Table 17. Results of the association between MX1 marker’s genotypes and the different reproductive traits. 

 

 

 

Variables 

Molecular Marker WUR10000125 

Prob > |t| 
LS Means + SD 

AA AG GG 

Total Born 0,929 13,82 ± 0.255 13,94 ± 0,324 13,66 ± 1,599 

Total Born + MM 0,895 14,33 ± 0,26 14,5 ± 0,329 14,57 ± 1,613 

Born Alive 0,8 11,75 ± 0,22 11,9 ± 0,281 12,41 ± 1,407 

Still Born 0,539 2,09 ± 0,123 2,06 ± 0,154 1,28 ± 0,727 

Mummification 0,287 0,51± 0,039 0,56 ± 0,05 0,84± 0,246 

Total Piglets Lost 0,865 2,6 ± 0,132 2,62± 0,164 2,2± 0,768 

Mortality (TPL/TB) 0,672 19,16± 1,069 18,88± 1,318 13,84± 6,04 

Variables 

Molecular Marker GBP5 

Prob > |t| 
LS Means + SD 

AA AG GG 

Total Born 0,935 13,73± 0.837 13,94± 0,281 13,85 ± 0,254 

Total Born + MM 0,944 14,29± 0,848 14,47± 0,286 14,38± 0,259 

Born Alive 0,799 12,21± 0,742 11,92 ± 0,246 11,79± 0,221 

Still Born 0,417 1,52± 0,394 2,02± 0,133 2,05 ± 0,119 

Mummification 0,912 0,55± 0,139 0,53± 0,045 0,51± 0,04 

Total Piglets Lost 0,498 2,08± 0,42 2,55± 0,143 2,57± 0,129 

Mortality (TPL/TB) 0,695 15,96± 3,377 18,25± 1,163 18,7± 1,057 

Variables 

Molecular Marker MX1 

Prob > |t| 
LS Means + SD 

Insertion Deletion ID 

Total Born 0,706 13,92± 0.226 13,51± 0,987 13,6± 0,419 

Total Born + MM 0,643 14,45± 0,232 14,01± 1,01 14,08 ± 0,426 

Born Alive 0,264 11,94± 0,2 11,48± 0,87 11,34± 0,37 

Still Born 0,307 1,97± 0,11 2,08± 0,468 2,27± 0,198 

Mummification 0,926 0,53± 0,035 0,49± 0,148 0,5± 0,065 

Total Piglets Lost 0,468 2,5± 0,118 2,59± 0,502 2,7± 0,212 

Mortality (TPL/TB) 0,434 18,15± 0,967 19491 ± 4,05 20,26± 1,698 



36 
 

Even though the estimation of the alleles for the CD163 marker (Table 18) showed no significant 

differences for any of the studied reproductive traits, the result of mixed model analysis 

(explained in the methods section) revealed a potential association in the estimation of the fixed 

effect of the AG allele (Table 19) with respect to the GG allele (Prob>|t|=0,0663). Given these 

results, a correlation analysis was carried out to visualize the difference between the allelic 

combinations. 

 

Table 18. Results of the association between CD163 marker’s genotypes and the different prolificacy traits. 

 

 

Table 19. Result of the estimation of the effect of AA and AG alleles with respect to the GG allele for the 

mummification trait. 

Estimated value of the fixed effect of CD163 marker 

Genotypes Estimation Standard deviation Prob > |t| 

CD163 [AA] -0,044701 0,0461911 0,3343 

CD163 [AG] 0,0668148 0,036157 0,0663(*) 
* Marked Prob; P<0.1 express tendency 

 

The Student’s T test (Table 20) reinforced the idea of a potential difference between alleles 

where the heterozygote type has a tendency to have fewer mummified piglets (0,11 mummies 

less) than the A homozygote sows (Prob > |t|= 0,0732) while there was no difference between 

the other genotype combinations. 

 

Table 20. Result of the Student’s T test for the CD163 marker and mean differences between genotypes. 

CD163 -CD163 Difference Standard deviation Prob > |t| 

AA AG -0,112038 0,0621659 0,0732(*) 

AA GG -0,021729 0,0950708 0,8194 

AG GG 0,090309 0,0809775 0,2662 
* Marked Prob; P<0.1 express tendency 
 

Variables 

Molecular Marker CD163 

Prob > |t| 
LS Means + SD 

AA AG GG 

Total Born 0,825 13,74 ± 0.408 13,86 ± 0,237 13,54 ± 0,529 

Total Born + MM 0,694 14,19 ± 0,416 14,43 ± 0,632 14,01 ± 0,539 

Born Alive 0,741 11,59 ± 0,359 11,81 ± 0,207 11,53 ± 0,465 

Still Born 0,742 2,19 ± 0,2 2,04 ± 0,116 2,10 ± 0,253 

Mummification 0,14 0,446 ± 0,063 0,556 ± 0,038 0,466 ± 0,08 

Total Piglets Lost 0,97 2,64 ± 0,211 2,6 ± 0,125 2,58 ± 0,27 

Mortality (TPL/TB) 0,934 19,26 ± 1,676 19,01 ± 1,02 18,35 ± 2,135 
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Considering the results obtained in the Student’s T test, we can conclude that the differences 

found in the LS Means for the mummification trait (Table 18) can be considered as a tendency 

of a potential difference (P<0,1) and, for that reason, marked correctly as it is shown in the 

following table. 

 

Table 21. Corrected data of the association between CD163 marker’s genotypes and the mummification trait 
considering the analysis outcome. 

 

 

*Means with different superscript letter in caps lowly differ (P < 0,1) 

 

 

 
Image 12. Graphic illustration of the difference between CD163 alleles for the mummification trait. 

 

In the illustration above it can be observed the potential difference between the AG and the GG 

alleles of the CD163 marker. Due to the effect of the standard error (error given by the limited 

number of animals tested in this study) the results of the two alleles are partially overlapped, 

even though that, the visualized difference can be considered as valid for the genotypes tend 

(P<0.1) to differ. 

 

Variable 
LS Means + SD 

AA AG GG 

Mummification 0,446 ± 0,063A 0,556 ± 0,038B 0,466 ± 0,08AB 

AG 

AA 

GG 
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In the case of the new mutation found in the HDAC6 gene, the initial test (Table 22) also showed 

no significant differences for any of the characteristics studied. Even so, similarly to the case of 

marker CD163, a possible difference (Prob>|t|= 0.0911) between homozygous allelic 

combinations CC and TT was revealed for the case of the total number of live piglets, giving 

preference to the T allele. Therefore, given the results obtained in the previous case, we 

proceeded to perform a Student t test to compare the differences. 

 

Table 22. Results of the association between HDAC6 marker’s genotypes and the different reproductive traits. 

 

 

Table 23. Result of the estimation of the effect of CC and CT alleles with respect to the TT allele for the number of 
piglets born alive. 

Estimated value of the fixed effect of HDAC6 marker 

Genotypes Estimation Standard deviation Prob > |t| 

HDAC6 [CC] -0,353748 0,2084626 0,0911(*) 

HDAC6 [CT] -0,094159 0,1839226 0,6092 
* Marked Prob; P<0.1 express tendency 

 

The Student’s T analysis revealed (Table 24) a tendency in favour of the T allele (Prob >|t|= 

0.0651), meaning that the sows carrying the found mutation had a higher and more stable value 

of piglets born alive (one more piglet per gestation) than the sows that are homozygote for the 

C allele. The fact that the heterozygote showed an intermediate phenotype between the 

homozygotes (Image 13) exposed the possibility that the presence of the T mutation has an 

additive effect for this concrete reproductive trait. 

 

 

 

Variables 

Molecular Marker CD163 

Prob > |t| 
LS Means + SD 

CC CT TT 

Total Born 0,309 13,57± 0,318 13,77± 0,247 14,32± 0,431 

Total Born + MM 0,332 14,13 ± 0,322 14,25 ± 0,251 14,83 ± 0,435 

Born Alive 0,199 11,47± 0,179 11,82± 0,133 12,57± 0,276 

Still Born 0,725 2,07 ± 0,153 1,99 ± 0,121 2,14 ± 0,205 

Mummification 0,214 0,55 ± 0,05 0,47 ± 0,04 0,53 ± 0,067 

Total Piglets Lost 0,511 2,61 ± 0,163 2,47 ± 0,13 2,67 ± 0,216 

Mortality (TPL/TB) 0,523 19,77 ± 1,35 18,32 ± 1,096 18,67 ± 1,752 
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Table 24. Result of the Student’s T test for the HDAC6 marker and mean differences between genotypes for the 
prolificacy trait of total piglets born alive. 

HDAC6 -HDAC6 Difference Standard deviation Prob > |t| 

CC CT -0,275915 0,2960674 0,3524 

CC TT -0,779258 0,4330408 0,0733(*) 

CT TT -0,503343 0,3979894 0,2073 
* Marked Prob; P<0.1 express tendency 

 

Being obtained similar results as the previous mentioned for the CD163 marker (Tables 18 to 

21) in the LS Means for the association study between the HDAC6 marker and the prolificacy 

trait of total number of piglets born alive, the previous findings exposed in the table 22 can be 

modified (Table 25) to visualize the exposed conclusions.  

 

Table 25. Corrected data of the association between HDAC6 marker’s genotypes and the prolificacy trait of total 
piglets born alive considering the analysis outcome. 

 
 
 
 

*Means with different superscript letter in caps lowly differ (P < 0,1) 

 

 

 
Image 13. Graphic illustration of the difference between HDAC6 alleles for the prolificacy trait of total piglets born 
alive. 

 

Variable 
LS Means + SD 

CC CT TT 

Born alive 11,47± 0,179A 11,82± 0,133AB 12,57± 0,276B 

TT 
CT 

CC 
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Finally, and unexpectedly, while running a basic Student’s T test for all the reproductive traits 

for the HDAC6 marker, potential difference was observed for the mummification trait between 

the CT allele and the homozygote C. The test revealed that the animals carrying the CC allele 

combination might have a higher number of mummies (0.09 more mummifications) than the 

heterozygotic animals. 

 

Table 26. Result of the Student’s T test for the HDAC6 marker and mean differences between genotypes for the 
mummification trait. 

HDAC6 -HDAC6 Difference Standard deviation Prob > |t| 

CC CT 0,087567 0,0510685 0,0877(*) 

CC TT 0,029253 0,0746529 0,6955 

CT TT -0,058314 0,0693164 0,4010 
* Marked Prob; P<0.1 express tendency 

 

 
Image 14. Graphic illustration of the difference between HDAC6 alleles for the prolificacy trait of mummified piglets. 

 

The potential differences mentioned above are represented in the graph of the image 14. In 

which the possible difference between the alleles that can be observed, is eclipsed by the error 

due to the scattering of values. In view of the above, the results obtained shall not be considered 

as significant. Having said this, the repetition of this study with a larger population could expose 

the effect of this mutation. 

  

TT 

CC 

CT 
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6. DISCUSSION 
 

Genetic selection for disease resistance is a fairly new method in the control of diseases in farm 

animals, yet it has already been proved useful and several markers are nowadays being tested 

in order to implement them in line development (Bishop et al, 2010). As Edfors and Torremorell 

(2011) exposed, genetic resistance in diarrhoea caused by E. coli has been known for years and 

several in farm studies have been used the F4 maker alongside the usual selection index in 

commercial breeding programs. In the PRRS case, both CD163 and HDAC marker proved to have 

a potential tendency to improve the reproductive traits of the population, yet due to the 

reduced number of animals and data, a larger study needs to be carried out to decipher the real 

effect of these mutations.  

 

Even though the status proved to be the main differing factor (P<0.05) in the statistical analysis, 

no association was detected between this and the presence of any of the different allelic 

combinations for none of the markers. This may have been caused by the lack of continued data 

of the animals in the outbreak situation.  

 

The resulted test for the WUR10000125 SNP showed a population frequency similar to the 

studied in Boddicker’s studies of 2014 and in Abella’s study in 2016. Both studies were carried 

in growing pig populations, for that reason the results obtained in the presented study cannot 

be compared with them. Moreover, WUR10000125 SNP is not associated with reproductive 

traits according to the studies in the USA with type-II strains of PRRSv (Dunkelberg et al, 2017), 

which agrees with the lack of statistical significance we have found between this marker and the 

reproductive traits tested. 

 

GBP5 and WUR10000125 are in tight relation. Moreover, WUR10000125 is a genetic marker for 

GBP5. Both markers are positioned in the same chromosome, in a very close position 

(Dunkelberg et al, 2017; Koltes et al, 2015). Given the strong linkage disequilibrium between 

these two markers, they are expected to have similar results, which agrees with our data.  

 

In the USP18 marker’s case, as it has been exposed on the results section, the population 

revealed to be homogeneous for the AA allele and excluded from the statistic study. In previous 

studies (Li et al, 2014) three commercial breeds (Landrace, Duroc and Yorkshire) showed no 

segregation of the G allele, while the allelic diversification was found in Chinese breeds. These 

results match those found in this Final Project. 

 

For the MX1 marker the population had the expected allelic frequency of low presence of the 

insertion allele, as it has been seen in previous studies (Li et al, 2015). In Li study, the insertion 

homozygous genotype was not detected in Landrace, Duroc and Yorkshire animals, and the 

deletion homozygote was the predominant. In a similar way as the previous studies for the 

marker USP18, the MX1 alleles segregate amongst the Chinese breeds.  
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Finally, the previous studies of the potential effect of the CD163 knockout mutation showed a 

significant difference of the susceptibility of macrophages to PRRSv infection, resulting in 

animals resistant to the disease. Although most of the studies were carried in small populations 

(Prather et al, 2017; Burkard et al 2017) or even directly in pulmonary alveolar macrophages 

isolated and assessed in vitro, the improvements in the productivity demonstrate the effect of 

this marker. Wang’s study with a larger population was heterogeneous in several lines 

(Tongcheng, Yorkshire, Swedish Landrace and crossbreds of the three groups). Due to that, the 

allelic frequencies exposed in Wang’s project differ from the frequencies found in this Final 

Project, being the wild type the predominant allele. 
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7. Conclusions 
 

Given the results obtained above (section 5) it can be concluded that the objectives set at the 

beginning of the work (section 3) were correctly achieved. Consequently, and considering the 

previous discussion of these results, the following conclusions have been reached: 

 

1. The genetic selection of the animals for disease resistance is a new method which may 

have the potential to overcome the flaws and limitation of the current methods to 

control PRRS virus. 

 

2. In the studied case, while four of genetic markers reported in the literature for PRRS 

proved not to be associated with reproductive performance in the farm, CD163 stood 

out as a possible candidate gene. Pigs carrying the AG genotype may have a higher 

number of mummifications than the AA sows. 

 

3. New mutations were described in the HDAC6 gene. Moreover, the selected mutation 

studied can be considered as a potential selection method to decrease the losses in 

reproductive performance in the infected sows. The potential additive effect of the T 

allele results in an increase of the number of piglets born alive and may have the effect 

of decreasing the number of mummies. 

 

 

Finally, a larger population and more data from the outbreak situation may result in a more solid 

and reliable analysis, for that reason further studies are required. 
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