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Abstract: In this study, researchers chose the Interferon Regulatory Factor 6 (IRF6) gene as a candidate gene
to evaluate its effect on porcine mmmune traits. Using the PCR-RFLP analysis and sequencing, a SNP
(HQO026023:1383 G=C) in exon? of IRF6 gene was detected. In addition, a further analysis of SNP genotypes
associated with immune traits including TFN-y and I1.10 concentrations in serum was carried out in three pig
breeds including Large White, Landraces and Chinese indigenous breed Dingyuan Black pig. Results showed
that the SNP of IRF6 gene effects on level of IFN-y and IL10 (day 20) in serum presented highly significances
(p =0.0264; p=0.0238) and as for the ratio of TFN-y to IL.10 (day 20) in serum, the p-value was 0.0341 which also
achieved a significant level. All the results could possibly indicate that the JRF6 gene should be regarded as
a molecular marker gene for genetic selection associated with these immune traits n the pig breeding program.
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INTRODUCTION

Interferon Regulatory Factors (IRFs) are a family of
transcription inwolved in a pathway of interferon-
inducible genes regulation, viral response, cytokine
signaling, cell growth regulation as well as hematopoietic
development (Nguven ez al., 1997; Taniguchi et al., 1995).
This IRF gene family consists of mine members encoding
transcription factors that share a highly conserved
helx-turn-helix DNA-binding domain and a less
conserved protein-binding domain (Taniguchi et al.,
2001). Most IRFs play important roles in regulating the
expression of IFN-¢ and IFN-p after viral infection.
Besides to the knowledge, the mutations of IRF6 gene
have been proved to cause human Van der Woud
Syndromes (VWS). Owmng to the drivers and potent
effects of TRFs on the immune system, researchers
suggested that the TRFs could be important marker genes
for porcine immune response and disease susceptibility.

It 13 known that cytokines are important mediators
during the mmmune respeonses and vary with health and
disease status. IFN-v 1s critical for mnate and adaptive
immunity against viral and intracellular bacterial infections
and also vital for tumor control (Schoenborn and Wilson,
2007). As for I1-10 which has pleiotropic effects in
immunoregulation and nflammation down-regulating the
expression of Thl cytokines, MHC class II antigens
(Redpath et al., 1999; Lohoff and Mak, 2005). Different
levels of these immune traits and their ratios in serum
among individuals under same conditions could provide

evidences for genetic control. According to this,
identifying these genes and their potential functional
mutation on these immune traits may supply a
straightforward insight that work to improve ummune
capacity 1 pigs.

Considering the influences on ITFN immune response
and cytokines signaling pathway of IRF6 gene, we
investigated polymorphisms of /RF6 gene n all exons
region in pigs and then performed an association analysis
between the SNP and immune traits (IFN-y, I1.-10,
IFN-v/IL-10) i serumn to estimate the possible effect of the
IRF6 gene in three pig populations.

MATERIALS AND METHODS

Animal sources and samples: Animals were obtained
from 3 pig breeds including Large White pig (94),
Landrace (87) and Dingyuan Black pig (71) containing 252
piglets in ammal populations. Among them, Large White
pigs and Landrace were from the experimental farm of the
Institute of Animal Sciences, Chinese Academy of
Agricultural Sciences, Beijing, China. While Dingyuan
Black pigs were provided by breeding stock farm in
Dingyuan county, Anhui province, China. Bloed samples
were collected from each piglet 1 day before the
vaccination (day 20) and then injected into VACUETTE®
Serum Clot Activator tubes. DNA was extracted from the
ear tissue samples of all pigs.
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Table 1: Specific primers used for NP identification of the porcine JRF6 gene

Fragments Primers sequence (5'~39 Product size (bp) Amnealing Tm (X°C)

IRF6-Exonl TGAGGGAGCTGGAAAACA 243 60.0
CAGATCATGGCCCTCCAC

IRF6-Exon2 TTCGTAAGCGAGGCAATTIT 300 5.5
GGCAGTTICCTGTCTTCCAG

IRF6-Exon3 TGATGTTCAGGAAGGGGAA 160 59.0
AGGCCTGTGCATCTGTTTCT

IRF6-Exond GCAGAAGGTGGACAGGAAA 255 594
GCTCACCCACATCCTTGTCT

IRF6-ExonS CAGTTCCCACCATCCATCTT 400 598
TTCAGTACCGTGGGAAGGA

IRF6-Exon6 AAGGCCAAGAGATGTTGAC 155 60.5
GATCTTATCGCCCACCAGAA

IRF6-Exon? TGAAGTCATCAAGGCAGA 232 59.6
GTGGCGCGAATGATCTATG

Measurement of immune traits: Researchers use a
commercial ELISA kit (Biosource, Carlsbad, California) to
measure the immune traits including TFN-y and TL.-10
concentration in each serum sample according to the
manufacturer’s instructions. All samples were arranged
randomly in each plate and been used to calculate TFN-y
and 1L.-10 concentrations based on a standard curve.

Polymorphism detection and PCR-RFLP: Genomic DNA
was abstracted from the ear tissue sample using
phenol/chloroform extraction and ethanol precipitation
(Sambrook et al., 1989). Using the software Oligo 6.0,
seven specific primers spanned seven corresponding
exons region of the ITRF6 gene were designed based on
the cloned porcine TRF6 genomic DNA sequence
(GenBank accession number: HQ0O26023) (Table 1).

The PCR was carried out in a total volume of 25 ul,
including 50-80 ng of template DNA, 10 pmol of each
primer, 250 pM dNTPs, 2.5 ul. 10xPCR buftfer (with MgCl,)
and 1.5 U Taq pelymerase (TaKaRa Biotechnology,
China) end performed 1 a MJ Research PTC-200 Thermal
Cycler (BIO-RAD, USA). The relevant reaction procedure
was as follows: mmtial denaturation at 94°C for 5 min
followed by 30 cycles of denaturation at 94°C for 1 min
then amealing at X°C for 40 sec (X was shown in
Table 1) and extension at 72°C for 1 min with a final
extension step at 72°C for 5 min.

Aftr directly sequencing for PCR fragments, the
detected sequences were aligned based on the DNAMAN
software (Version 5.2.2) aimed to identifying the mutation
site. Results showed a G/C mutation was found in exon7
of IRF6 gene after comparing the obtained sequences in
the three pig populations. Researchers then genotyped
the polymorphic sites using the PCR restriction fragment
length polymorphism (PCR-RFLP) method. As a result, a
number of 252 DNA samples from three ammal breeds
(Landrace, Large White and Chinese mdigenous breed
Dingyuan Black pig) were genotyped and the allele
frequencies were also calculated for each breed.

Association analysis: In the end, researchers implemented
an analysis of the genotypes of the SNP associated with
immune traits according to the following mixed models
using in SAS9.13 software:

Y = Xp+Zbte

Where:

Y = The vector of phenotype for immune traits analyzed

X = The design matrix for fixed effects

B = The vector of fixed effects parameter including
breed, ELISA plate effect and genotype effect

7. = The design matrix of random animal effects

b = The mixed vector of random component mecluding
sires effect and dam effect within sires

e = The vector of residual effect

RESULTS AND DISCUSSION

SNP identification and genetic variation analysis: An
SNP (HQ026023:1383 G>C) mn exon? of the porcine IRF6
gene was detected in the comparisons of sequence among
three pig population meanwhile three corresponding
genotypes were also clearly obtained (Fig. 1). This SNP
(HQO26023:1383 (=>C) is not missense mutation or to
induce amino acid substitution. In addition, a total of 252
DNA samples obtamed from amimal populations were
genotyped along with the determination of allele
frequencies for each breed (Table 2). While for the genetic
variation analysis there can know that there existed no
significant differences between the allele frequencies
among three pig populations. For another, it was
obviously that the allele G represented dominant than
other alleles 1n three detected breeds. In contrast, the
allele C had lower frequencies and CC genotype was not
fund in Chinese indigenous breed Dingyuan Black pig.

Association analysis of immune traits and SNP
genotypes: After the aforementioned research, researchers
performed an association study to confirm whether the
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Fig. 1: PCR-RFLP analysis of the porcine IRFG gene.
Lane M is DL2000 DNA molecular weight marker;
Lane GG, GC and CC represent different

genotypes

Table 2: Genotype frequencies and allelic frequencies of the IRF& gene
determined by PCR-RFLP in three pig populations
Genotype frequencies Allele frequencies

Breed Number GG GC cC G C
Large white 94 58 25 11 0.75 0.25
Landrace 87 52 27 8 0.75 0.25
Dingyuan black 71 55 16 0 0.8% 0.11

Table 3: Association analysis of the SNP genotypes of JRF6 gene with
irmrmune traits in three pig populations
Genotypes (Least sequare meantStandard error)

Traits GG (n=165) GC (n =68) CC(n=19  p-value
[FN-y (day 20) 30.12+4.52%  93.08+845% 100.84+£31.66° 0.0264
IL-10 (day 20) 147.32+14.74 145.61£27.91*  90.65+43.23" 0.0238
IFN-y/IL-10

(day 20) 0.85+0.16° 1.57+0.33" 1.16+1.310°  0.0341

=Signed by small letters differ significantly at p<0.05; *®means signed by
capital letters differ significantly at p<0.01

identified SNP has effects on immune traits in three pig
populations. Results showed that the p-value of the SNP
(HQO026023:1383 G>C) of IRF6 gene onlevel of IFN-y and
TL10 (day 20) in serum were 0.0264, 0.0238, respectively
and for the ratio of TFN-v to IL10 (day 20) in serum, the P
achieved 0.0341 (Table 3) which all indicated sigmficant.
In the further analysis, researchers can also know that
TFN-y and IT1.10 level in serum of pigs associated with GG
genotype were significantly higher than with CC
genotype (p<0.05) but ratio of TFN-y to IL10 with CC
genotype were significantly lgher than those of pigs
with GG genotype (p<0.05). As reported, the capacity to
activate or ihibit monocytic and T lymphocytic functions
could be reflected by the ratio of TFN-y/IL-10
production and a higher ratio has alse been
shown to have relevance with depressive disorders
(Maes, 1999).

In the study, the ratio of TFN-v to IL-10 of Dingyuan
Black pig was lower; this could be explained as the
Chinese indigenous breed may have better T lymphocytic
balance and immune capacity than western commercial pig
breeds. Besides, the results also implied us that genetic
background 1s one of the most unportant factors that
mfluence the immune capacity.

IRF6& plays an important role in initiating cellular
interferon-stimulated gene-mediated antiviral responses
and in the transforming growth factor-p signaling
pathway. Moreover, this gene is essential for the
development of the lip and palate and involved in
development of the skin and external genitalia. While
mutations in [RF6 gene are pathogenic for both Van der
Woud Syndromes (VWS) and Popliteal Pterygium
Syndrome (PPS). Until now, two missense mutations in
the IRF6 gene had been identified in two Japanese families
with PPS (Matsuzawa et al., 2010). Which may affect
splicing in the IRF6 gene associated with VWS were also
reported by Scioletti e al. (2010). For pig, another INF
Regulatory Factor (TRF1) has been reported significantly
assoclated with cytokine traits (Liu er af,, 2009, 2011).
While in the study, the SNP (HQ026023:1383 G=>C) in
exon? of IRF6 was not missense mutation or to induce
amino acid substitution. However, the synonymous SNPs
also pay an important role m biological function. In some
documents, these SNPs have been reported can affect
protein expression by alteration or increasing the stability
of the mRNA (Capon et al, 2004) and a silent
polymorphism can also act on substrate specificity
(Kimchi-Sarfaty et al., 2007).

As the immune system plays an essential role in
disease resistance of amimals, genes involved in the
response of mmmune system could be regarded as the
candidate genes for selection. The results provided a
straightforward nsight that IRF6 could be served as a
genetic marker gene for immune traits which effects on
IFN-v, IL-10 and ratio of IFN-y to IL-10 m serum.
However, the number of pigs analyzed in the study was
restricted thus result in limitations to the results. Further
investigation 1s needed to confirm the relationships
between the SNP with immune traits among other pig
populations.

CONCLUSION

In this study, one SNP of the IRF6 gene was
identified by PCR-RFLP method. After the further
association analysis between the SNP and immune traits,
researchers can know that the SNP of IRF6 gene was
significantly associated with IFN-v to IL-10 level of serum
in 252 pigs in three pig populations. Generally speaking,
the IRF6 gene 1dentified n the study should be regarded
as a candidate gene for marker-assist selection in porcine
disease resistance breeding program. These results could
also possibly provide a foundation for further studies on
IRF6 gene in pigs.
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