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ABSTRACT: Infectious diseases remain a significant 

problem in the swine industry. Previously we identified 

genetic defects in expression of innate immune pattern 

recognition proteins involved in resistance of pigs to 

infectious disease. Here we used transcriptome-wide 

analysis of hepatic gene expression in pigs to identify 

similar gene defects affecting constitutive expression of 

other innate immune genes. Microarray analysis of gene 

expression was performed on liver from 96 healthy market 

pigs. Gene expression ratios (GERs) were determined as 

mean expression in highest expressing animals compared to 

mean expression in lowest expressing animals. The 

promoter regions of genes with large GERs and roles in 

innate immunity were sequenced and the frequency of 

identified defects in healthy and diseased pigs determined. 

These studies revealed several novel gene defects 

associated with common infectious pig diseases, and 

demonstrated that global gene expression is a useful 

screening approach for promoter polymorphism discovery. 
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Introduction 

 

Significant progress has been made in the control 

of infectious diseases through ongoing advances in 

biosecurity, disease management and vaccination. Despite 

this progress, infectious diseases are still among the most 

important factors limiting production, growth performance, 

economics and animal welfare in the global swine industry. 

Genetic improvement in resistance to infectious diseases is 

difficult to define in molecular terms because there are 

various pathogens and both host and environmental factors 

that influence the occurrence and severity of disease. We 

have been investigating the role of single nucleotide 

polymorphisms (SNPs) in various innate immune proteins 

that play an important role in resistance to various 

infectious diseases of young pigs. Previously we used a 

targeted gene approach to identify functionally significant 

SNPs in mannan-binding lectins (MBLs) and other innate 

immune genes in pigs (Lillie et al. (2007); Lillie et al. 

(2006)). The objective of the current study was to use 

transcriptome-wide expression analysis approach to identify 

other genetic variants within the promoter region of genes 

involved in innate resistance to infectious disease.  

 

 

 

 

Materials and Methods 

 

Animals. Liver samples from healthy, market 

weight pigs (n=1003) were collected at the time of 

slaughter at a large Ontario processing facility. Part of each 

sample was stored in RNAlater while the rest was frozen 

directly for DNA isolation. Animals were considered 

healthy based on veterinary inspection, with analysis of 

expression levels of acute phase proteins used to confirm 

this. Tissue samples (liver, spleen or testis) were also 

collected for DNA extraction from healthy purebred boars 

from the major North American breeds (n=475) and from 

pigs diagnosed with common infectious diseases after 

autopsy (n=386) at the Animal Health Laboratory (Guelph, 

Ontario). RNA and DNA isolation were performed as per 

manufacturer’s instructions using commercially available 

kits (QIAGEN Inc., Mississauga, ON). 

 

Microarray analysis. To select genetically 

diverse pigs from the 1003 healthy, market weight pigs, 

they were genotyped for a panel of previously identified 

innate immune single-nucleotide polymorphisms (SNPs) 

(Keirstead et al. (2011)). Based on their genotypes, 96 pigs 

were selected for microarray analysis. RNA quality was 

assessed (Bioanalyzer, RIN>7) and samples submitted to 

the University Health Network (UHN) Microarray Centre 

(Toronto, ON) using the 4 x 44K Agilent® Porcine Gene 

Expression Microarray chip platform (Agilent Technologies 

Canada Inc., Mississauga, ON). Raw microarray expression 

data for each probe was median normalized, log2-

transformed and analyzed using arrayQualityMetrics 

Software (UHN). Eight pigs were excluded based on this 

analysis.  

Constitutive variation in gene expression was 

defined as the gene expression ratio (GER) of the mean 

gene expression of the highest expressing animals 

compared to the lowest expressing animals (e.g. mean 

expression of top ~50 % of pigs to bottom ~5% of pigs) to 

identify subsets of pigs with significantly altered gene 

expression (Snyman. (2013)). Genes were ranked based on 

GERs and candidate genes, those with the highest GERs 

and with known or putative roles in innate immunity/innate 

disease resistance, were identified for further analysis.  

 

Sequencing of promoter regions. PCR 

amplification of promoter regions (target length 2500 bp) 

followed by DNA sequencing of pooled PCR products 

(high expressors and low expressor, 4 samples per pool) 

(Lab Services Division, University of Guelph, Guelph, ON) 

was used to characterize the promoter regions. Sequence 

analysis (Clustal Omega – Multiple Sequence Alignment) 



was used to compare sequences of high and low expressing 

pigs. Identified genetic variations were subjected to further 

analysis. 

 

Frequency of novel genetic variants in different 

breeds and diseased pigs. 500 healthy market weight pigs, 

along with the healthy purebred boars and diseased pigs, 

were genotyped for novel genetic variants using MALDI-

TOF mass spectrometry (MassArray, Sequenom, UHN 

Clinical Genomics Centre, Toronto ON) (Gabriel et al. 

(2009)). The percent of pigs possessing at least one variant 

allele (percent variant positive, PVP) was compared 

between pure-bred pigs and the healthy crossbred pigs 

(Fisher’s exact test). For the diseased pigs, animals were 

classified as having pneumonia, enteritis, polyserositis 

and/or septicemia based on routine diagnostic post-mortem. 

Further classification by pathogenic agent was done based 

on ancillary microbial diagnostics (AHL). The PVP for pigs 

in each disease or pathogen group was compared to the 

PVP of that allele in healthy pigs (Fisher’s exact test) 

(Snyman. 2013).  

 

Results and Discussion 

 

Using transcriptome-wide analysis, we found that 

there was marked constitutive variation in hepatic gene 

expression in healthy pigs. Thirty innate immune genes 

exhibited a GER greater than 10 when comparing either the 

top 50 % of expressors to the bottom 5, or the top 5 

expressors to the bottom 50 % (Table 1). By contrast, the 

average GER for six reference genes ranged from 2.0 to 3.1 

(  2.7). Variation observed was not related to health status 

as all animals were determined to be grossly normal at time 

of slaughter and the average GER (2.9) of six acute phase 

proteins (Murata et al. (2004)), did not differ significantly 

from the average GER for the reference genes. 

Based on the GERs and their known functions, 

several proteins were selected for the initial round of further 

investigation. Mannan-binding lectin C (MBL2) had the 

highest average rank of all innate immune genes. We have 

characterized the promoter region of porcine MBL2 and 

found five SNPs that all independently impact expression, 

though to varying levels (Keirstead et al. (2011); Lillie et al. 

(2007). In the microarray analysis, pigs with more variant 

alleles for two of the SNPs with greatest impact on MBL2 

expression had lower expression (Figure 1).  

We have also characterized the promoter region of 

several other innate immune genes and found that there was 

significant variation in how polymorphic genes were. For 

example, surfactant protein D (SFTPD), with a GER of 44.4 

had only three SNPs identified in 2682 bp of promoter 

region, all of which were associated with higher expression 

levels. By contrast, hepcidin (HAMP), with a GER of 16.9 

had 14 polymorphisms (13 SNPs, one indel) in the 2441 bp 

upstream from the translational start site (not shown). In 

total 77 novel genetic defects have been found in the genes 

characterized to date. 

The frequency of some of these genetic variants 

was then determined in a range of healthy cross-bred and 

pure-bred pigs (Table 2) as well as in pigs diagnosed with 

common infectious diseases and bacterial and viral 

pathogens (Table 3). While many of the variants occurred 

with similar frequencies across the purebred lines, some 

were significantly more frequent in certain lines. Of greater 

importance, many of the variants were more or less frequent 

in pigs diagnosed with common infectious diseases and/or 

pathogens of swine. While some were significantly more 

frequent only in sporadic diseased groups, some were 

consistently more frequent in diseased pigs. Those variants 

that are consistently more frequent in pigs with infectious 

diseases have potential as markers of altered diseased 

resistance.  

Further work is underway using next-generation 

sequencing to analyze all innate immune genes with 

variation in gene expression and to validate the impact of 

identified genetic variants on disease resistance and 

production under a variety of different commercial farming 

conditions. In summary, transcriptome analysis can be used 

to identify genetic defects in innate immunity or genes of 

other function. Ultimately, the identification of genetic 

variants associated with impaired disease resistance and 

production that could be incorporated into existing genetic 

selection strategies has the potential to significantly impact 

the swine production industry by reducing the impact of 

infectious diseases on production, providing economic 

benefits for the producer while also improving the health 

and welfare of production animals and reducing the need 

for antimicrobial therapeutics and thus antimicrobial 

resistance. 
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Table 1.  

Gene 

Symbol 

GER T50/B5 

Rank 

T5/B50 

Rank 

Average 

Rank 

DDX3Y 2186.4
1
 1 4 2.5 

MBL2 740.7
1
 2 1 1.5 

SCGB1A1 244.6
1
 3 7 5 

SFTPD 44.4
2
 8 2 5 

PR39 43.8
1
 4 3 3.5 

PMAP-23 40.5
1
 5 5 5 

PMAP-37 29.8
1
 6 8 7 

NPG4 27.0
2
 7 6 6.5 

ITLN2 25.6
2
 14 9 11.5 

pPRGP-S 20.9
2
 13 10 11.5 

C4pre 20.4
2
 48 11 29.5 

PGLYRP1 19.1
1
 9 18 13.5 

NLRP5 17.6
2
 66 12 39 

HAMP 16.9
1
 10 23 16.5 

NLRP7 14.9
2
 59 13 36 

SELE 14.9
2
 20 14 17 

LBP 13.9
1
 11 27 19 

MYD88 13.7
1
 12 49 30.5 

BD108-like 13.7
2
 29 15 22 

LY49 13.5
2
 53 16 34.5 

CLEC1B 13.1
1
 15 36 25.5 

DDX58 13.1
1
 16 35 25.5 

PGLYRP2 12.9
1
 17 34 25.5 

ZBP1 12.9
2
 49 17 33 

LGALS12 12.7
2
 24 19 21.5 

PBD-2 12.5
1
 18 24 21 

PMAP-36 12.5
2
 19 20 19.5 

LGALS3 12.4
2
 28 21 24.5 

KLRF1 11.5
2
 21 22 21.5 

BD104-like 10.0
2
 23 25 24 

 

GER represents the higher value of the GER calculated by 

comparing the top 50% to the bottom 5 expressors
1
 or the 

GER of the bottom 50% to the top 5 expressors
2
. 

Underlined genes have been further characterized. 
 

Figure 1. 

 
 

Gene expression values for individual pigs. Colors indicate 

the combined genotype for two of the MBL2 SNPs.  

 

 

 

Table 2. 

 

Percent Variant Positive (% of pigs possessing at least 1 

variant allele) between different breeds. N = 500 

(crossbred), 102 (Duroc), 100 (Hampshire, Landrace and 

Large White), 73 (Pietrain). 
a
PVP for that allele differs 

significantly from the crossbred control population  PVP for 

that allele (p<0.05). 

 

Table 3. 

 

Percent Variant Positive (% of pigs possessing at least 1 

variant allele) between diseased pigs and healthy control 

pigs. Healthy crossbred (n=500), infectious (358), enteritis 

(182), pneumonia (244), polyserositis (56), septicemia (92), 

Actinobacillus pleuropneumoniae (APP, 22), K88+ E. coli 

(31), Haemophilus parasuis (20), Streptococcus suis (84), 

Salmonella Typhimurium (26), Mycoplasma spp. (39), 

porcine circovirus type 2 (PCV2, 84), porcine reproductive 

and respiratory syndrome virus (PRRSV, 69). 
a
PVP for that 

allele differs significantly from healthy crossbred control 

population PVP for that allele (p<0.05). 

 

Disease 

group 

HAMP 

haplotype 

2A 

HAMP 

-902 

C>G 

DDX58 

-309 

G>A 

DDX58   

-293  

T>C 

Crossbred  58.4 8.2 51.8 44.6 
Duroc 63.4 6.9 62.4

a 
25.5

a 

Hampshire 58.6 8.1 57.6 32.3
a 

Landrace 65.0 19.0
a 

24.0
a 

51.0 
Large White 25.0

a 
6.0 55.0 58.0

a 

Pietrain 19.4
a 

2.7 57.5 39.7 

Disease 

group 

HAMP 

haplotype 

2A 

HAMP 

-902 

C>G 

DDX58 

-309 

G>A 

DDX58   

-293  

T>C 

Healthy  58.4 8.2 51.8
2 

44.6 
Infectious 48.6

4, a
 13.8

2, a
 42.9

1, a
 50.6

2, a
 

Enteritis 50.6
4 

11.1
2
 40.3

1, a
 48.9

2
 

Pneumonia 46.3
4, a 

14.9
2, a

 43.6
1, a

 50.0
2
 

Polyserositis 48.2 17.9 51.8 44.6 
Septicemia 45.1

1, a 
14.1 45.7 58.7

 a
 

APP 45.5 13.6 36.4 59.1 
K88 E. coli 54.8 9.7 25.8

a
 51.6 

H. parasuis 50.0
2 

5.6
2 

30.0 66.7
2
 

S. suis 50.0 14.3 47.6 50.0 
Salmonella 

Typhimurium 
44.0

1 
16.0

1 
34.6 68.0

1, a 

Mycoplasma 

spp. 
39.5

1 
23.1

a
 43.6 43.6 

PCV2 42.7
2, a

 15.5
a
 38.6

1, a 
50.0 

PRRSV 50.7
2 

16.2
1 

52.9
1 

51.5
1 


