Tournal of Animal and Veterinary Advances 9 (18): 2346-2350, 2010

ISSN: 1680-5593
© Medwell Journals, 2010

Effect of Single Nucleotide Polymorphism of IRF1 Gene on
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Abstract: In this study, IRF1 gene was chosen as a candidate gene to evaluate its effect on porcine cytokine
traits in serum. A SNP in exon2 was demonstrated by sequencing and PCR-RFLP analysis. Cytokine traits

mclude IFN-y and IL10 concentrations in serum were measured when the pigs were at 20 and 35 days of age,
respectively. The further association analysis between SNP genotype and cytokine traits were conducted in

three pig breeds ncluding Large White, Landraces and Songliac Black pig, one Chinese indigenous breed. The
results indicated that the SNP of TRF1 gene had highly significant effect on level of TFN-y (day 20, day 35) in
serum (p = 0.0001; p= 0.0001) and ratio of TFN-y to TL10 (day 35) in serum (p = 0.0083). The study suggested
that the IRF1 gene could be regarded as a molecular marker gene for genetic selection of cytokine traits in the

further disease resistance breeding.
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INTRODUCTION

Interferon Regulatory Factors (TRFs) belong to a
family of transcription inwvolved in mterferon-inducible
genes regulation, viral response, cytokine signaling, cell
growth regulation and hematopoietic development
(Taniguchi et al., 1995; Nguyen ef al., 1997).

IRFs are also essential regulators for the activation of
mnmune cells with the discovery of Pattern Recogmtion
Receptors (PRRs) which function is like a platform that
links innate and adaptive immune response (Akira ef al.,
2006).

Interferon Regulatory Factor 1 (TRF1) is first identified
member of the family and shown to bind enhancer
elements in the promoter of the gene that encodes TFN-y
which 1s mmportant about viral infection (Miyamoto et al.,
1988). IRF1 plays a lighly complex role in Th-cell
differentiation and affects the expression of many genes,
but the overall effect 1s vigorous promotion after a Th-1
response and influences Th1/Th2 cytokine balance
(Lohoff and Mak, 20035).

Cytokines are important mediators of the immune
responses. The levels of cytokines in serum such as

Interferon-gamma (TFN-y) and Interleukin 10 (TL.-10), vary
with orgamism’s status of health IFN-y 1s critical for
innate and adaptive immunity against viral and
intracellular bacterial infections and for tumor control
(Schoenbom and Wilson, 2007). IL-10 has pleiotropic
effects in immunoregulation and inflammation. Tt down-
regulates the expression of Thl cytokines, MHC class
II antigens and costimulatory molecules on macrophages
(Redpath et al., 1999).

Differences in levels of these cytokines and their
ratios in serum among individuals under same conditions
provide evidence of genetic control on these traits.
Tdentification of the genes and their potential functional
mutation on these cytokine variants may help to inprove
immune capacity in pigs.

Considering its potent effects on immune response
and cytokines signaling of IRF1 gene, we investigated the
polymorphism of the porcine TRF1 gene and then the
assoclation between each genotype and cytokines level
(TFN-v, TL-10, TFN-y/TL.-10) in serum was analyzed to
evaluate the possible effect of the IRF1 gene i three pig
breeds including Large White Landrace and Songliao
Black pig, one Chinese indigenous breed.
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MATERIALS AND METHODS

Animals and sampling: The amimals consisted of
284 piglets distributed 1 3 pig breeds mcluding Big Whate
plg (148), Landrace (65) and Songliao Black pig (71). All
plgs were raised under standard indoor conditions at
the experimental farm of the Institute of Ammal
Sciences, Chinese Academy of Agricultural Sciences,
Beijing, China.

All pigs were vaccinated with live (CSF) vaccine at
21 days of age. The first blood samples were collected
from each piglet one day before the vaccination (day 20)
and 2 weeks after the vaccination, the second blood
samples were collected (day 35). All blood samples were
directly injected into vacuette® Serum Clot Activator
tubes. Ear tissue samples of all pigs were also collected
for DNA extract.

Measurement of cytokines level in serum: Cytokines
including TFN-y and TL.-10 concentrations in each serum
sample were measured using a commercial ELISA kit
(Biosource, Carlsbad, California) according to the
manufacturer’s instructions. All samples were arranged
randomly in each plate and a standard curve was fitted for
each plate and used to calculate TFN-v and TL-10
concentrations m each serum sample.

Polymorphism detection and PCR-RFLP: Genomic DNA
was isolated from the ear tissue sample using
phenol/chloroform extraction and ethanol precipitation
(Sambrook et al., 1989). Base on the porcine IRF1 genomic
DNA sequence (GenBank accession number: GU201905),
seven specific primers which spammed ten exons
region of the TRF1 gene were designed by software Oligo

and 1.5 U Tag polymerase (TaKaRa Biotechnology,
China). PCR was performed mn a MJ Research PTC-200
Thermal Cycler (BIO-RAD, USA) under the following
reaction procedure: initial denaturation at 94°C’ for 5 min,
followed by 35 cycles of denaturation at 94°C for 1 min,
ammealing at X°C for 45 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.

Then PCR products of each pair specific primer were
pooled and sequenced, respectively. After compared the
obtained sequences from Large White Landrace and
Songliao Black pig, a G/T mutation was found in PCR
amplification fragment of exon?2 specific prumers (Table 1).
For individual genotyping, the PCR restriction fragment
length polymorphism (PCR-RFLP) method was used to
genotype the polymorphic sites. The PCR products were
digested with 2UJ Folk®°C (TaKaRa Biotechnology, China)
for at 37°C for 12 h, respectively and analyzed on 5%
agarose gels.

Association analysis: Considering the pedigree structure
of three pig populations, association analysis between the
genotypes of SNP and cytokine traits were examined
by fitting the following mixed models using in
SAS9.13 software:

Y =Xp+7b+e
Where:
Y = The vector of phenotype for cytokine traits
analyzed
¥ = The design matrix for fixed effects
B = The vector of fixed effects parameter including

breed ELISA plate effect and genotype effect

6.0 (Table 1). 7= The design matrix of random animal effects
The PCR was carried out in a total volume of 25 . B = The mixed vector of random component including

including 80-100 ng of template DNA, 10 pmol of each sires effect and dam effect within sires

primer, 250 pM dNTPs, 2.5 pLL 10xPCR bufter (with MgCL) E = Thevector of residual effect

Table 1: Specific primers used for 8NP identification of the porcine IRF1 gene

Fragments Primers Sequence (5-3") Product size (bp) Annealing Tm (X°C)

IRF1-Exon 1 GCTCTACAACAGCCTGATTTCC 455 58.5
GGTTTTCGGTCCCTACTTCCT

IRF1-Exon 2 TCAAGGTGATAACAAGATTCGGAG 307 59.6
GTGGCAGAAAAACCCAAAAAGT

IRF1-Exon 3 CATTCTCAGGATGGGTCAACTC 428 60.2
GTTGAAATGATGAACCCTCTCC

IRF1-Exon 456 TGAGGCTTGCTGGATGTATTTG 833 60.2
CATCATCCTCCCCAGTCACAG

IRF1-Exon 78 GGCAAACTAAGAAAGCACACAG 655 60.5
CCTCCCTTCCACAGTGTCTTT

IRF1-Exon 9 TGATGCCTICTTGTITCTTTGT 290 59.6
GACCCAGATGAATGTCAAAAAG

IRF1-Exon 10 CTATCCCCAGTCCTCACACA 1299 60.2

GAAAACTCAAAACCTAACACTCC
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RESULTS AND DISCUSSION

SNP identification and genetic variation analysis:
Sequence comparisons among three pig breeds revealed
one SNP (GU201905:1367 G>T) n exon 2 of the porcine
TRF1 gene and induced amino acid substitution, i.e.,
arginine to leucmne. The SNP could be detected by
restricion enzyme Fokl, resulting m two fragment
(61 and 246 bp) produced by allele G and two fragments
(61 and 185 bp) produced by allele T. The tlwree band
types were clearly obtained (Fig. 1).

A total of 284 DNA samples
population were genotyped and allele frequencies were

from ammal

determined for each breed (Table 2). Genetic variation
analysis demonstrated that allele frequencies were not
significantly different among three pig breeds. The allele
G 1s obviously dominant in three detected breeds. In
contrast, the allele T has lower frequencies and TT
genotype 18 not detected in Large White and Songliao
Black pig.

Association analysis of cytokine traits and the breed,
SNP genotype: We performed an association study to
determine whether the pig breed affected cytokines level.
The detailed results (Table 3) showed that all the traits
except ratio of TFN- to TL-10 (day 35) among the breeds
were significantly different (p<<0.05).

The TFN-y level (day 20; day 35) of Landrace were
significantly higher than Large White and Songliac Black
pig (p<<0.01); On the other hand, Songliao Black pig had
significantly higher IL.-10 level (day 20; day 35) than Large
White and Landrace (p<<0.01); Ratio of TFN-y to IL.-10 (day

M GT GG GT GG GT GT TT TT TT

<4-61bp

< 185bp
W 246 bp

Fig. 1: PCR-FokI-RFLP analysis of the porcine TRF1 gene.
Lane M is 100 bp DNA molecular weight marker;
Lane GG, GT and TT represent different genotypes

Table 2: Genotype frequencies and allelic frequencies of the TRF1 gene
determined by PCR-RFLP in three pig breeds
Genotype frequencies

Allele frequencies

Breed Number GG GT T G T

Large white 148 132 16 0 0.95 0.05
Landrace 65 38 23 4 0.76 0.24
Songliao black 71 57 14 0 0.90 0.10

20) of Songliao Black pig had significantly lower
level than Large White and Landrace (p<0.05).
Association analysis results of cytokine traits and
SNP genotype were shown in Table 4. The SNP of
TRF1 gene had higher significant effect on level of
IFN-y (day 20; day 35) in serum (p = 0.0001; p = 0.0001)
and ratio of [FN-y to IL10 (day 35) in serum (p = 0.0083).
Further analysis results also showed that TFN-vy level and
ratio of IFN-v to IL10 in serum of pigs with TT genotype
were significantly higher than those of pigs with a GG
genotype (p<0.01).

The immune system plays an essential role in disease
resistance of animals. The traits involved i the research
are umportant parts of ammal’s immune capacity.

The ratio of TFN-y/IL-10 production reflects the
capacity to activate or mhibit monocytic and T
lymphocytic functions and a higher ratio has also been
shown to be associated with depressive  disorders
(Maes, 1999).

The lower ratio of TFN-v to T1.-10 of Songliao Black pig
should be explaned for Chinese indigenous breeds may
have better T lymphocytic balance capacity than western
commercial pig breeds. The results also umplied that
genetic background is one of the most important
influences of cytokine traits. The genes affect the
response of immune system could be researched as the
candidate gene.

IRF1 participates with IFN-y 1 a series of autocrine
loops that both induce and perpetuate the Th-1 response.
In T cell, IFN-y mduces IRF1 expression through the
action of signal transducer and activator of transcription
1 (STATI); IRF1 then influences IL-12, IL-4 and caspase
1, leading to the generation of more TFN-y (Pine et al.,
1994; Coccia et al., 2000, Elser et al., 2002).

In human, the polymorphisms of IRF1 gene are
revealed significant associated with asthma, Behcet's
disease, hepatitis B virus infection, celiac disease and

Table 3: Association analysis of cytokines level in three pig breeds
(Landrace, Large White and Songliao Black pig)
Breeds (Least sequares mean+Standard error)

Large white Landrace Songliao black
Traits n=148) (n =635) mn=70)
IEN-Y (day 20) 58.290£12.980%  107.570£12.6127 59.862+13.846

173.740+45.3247
0.659+0.518°

133.620+41.286"
1.532+0.4720

TL-10 (day 20) 81.815+42.491%
IFN-y IL7'-10  1.320+0.485°
(day 20)

IFN-y (day 35) 59.528+16.095%
IL-10 (day 35) 54.384434.478
[FN-y IL 10 1.907£0.462
(day 35)

Signed by small letters differ significantly at p<0.05, #®Means signed by
capital letters differ significantly at p<0.01

66.501+17.168%
107.210+36.77 7
1.648+0.493

100.470+15.639%
100.390+33.500%
2.152+0.449
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Table 4: Association analysis of the SNP genotypes of IRF1 gene with cytokine traits in three pig breeds

Genotypes (Least sequares meantStandard error)

Traits

GGn=227) GT (n=53) TT (=4 p-value
IFN-y (day 20) 28.506+4. 368" 95.021+8.463° 102.200+£34.6838 0.0001
IL-10 (day 20) 152.380+14.298 145.820+£27.703 90.980+113.540 0.8570
TFN-y IL™-10 (days 20) 0.850+0.163 1.478+0.316 1.183+1.297 0.2158
IFN-v (day 35) 33.702+5.416% 88.004=10.494° 104.710+43. 006" 0.0001
IL-10 (day 35) 119.1404+11.602 114.540+22.480 28.296+92.125 0.6222
IFN-y IL~!-10 (day 33) 0.888+0.155° 1.83640.301° 2,98341.234° 0.0083

Signed by small letters differ significantly at p<0.05, “*Means signed by capital letters differ significantly at p<0.01

hepatitis C (Saito et al., 2002; Seegers et al., 2003;
Cheong et al., 2006, Wang ef al., 2006; Lee et al., 2007).
The results also indicated that the SNP of IRF1 may be
used as a genetic marker gene for cytokine traits with
effects on IFN-y, IL-10 and ratio of IFN-y to IL-10 in
serum. However, the polymorphism analyzed  1s
functional mutation and may affect protein expression
and regulation of gene for changing the phenotypes of
traits. Tt is an interesting phenomenon of further biclogical
functions investigation for genetic variation among other
populations of pigs.

CONCLUSION

In this study, a SNP of the IRF1 gene was identified
by PCR-RFLP and an association analysis was performed.
The results showed that IRF1 gene was significant
assoclated with cytokines level of 284 pigs from three
different breeds. We also analyzed the cytokines level
differences among three pig breeds. All these results will
provide a foundation for further studies of the porcine
TRF1 gene and may be helpful for application of disease
resistance breeding in pigs.
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