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ABSTRACT. The Mx (myxovirus resistance) gene codes for a
protein with antiviral activity. Non-synonymous G/A polymorphism
at position 2032 of chicken Mx cDNA results in a change at amino
acid 631 of the Mx protein. This mutation has been shown to affect
the antiviral activity of the Mx molecule, although recent studies
have not confirmed this effect in response to some influenza strains.
Nevertheless, the G/A polymorphism could be important for the
chicken’s response to other viruses. A robust PCR-RFLP protocol
for genotyping chicken Mx gene polymorphism associated with
the S631N mutation was developed. The F primer anneals to the
last intron of the Mx gene, and the R primer anneals to the last
exon of the gene, with an expected PCR product of 299 bp. PCR
products were digested with Hpy8I. This enzyme cuts the sequence
5’-GTN|NAC-3’, 2 bp downstream of the Mx polymorphism for
the G allele, whereas the fragment containing the A allele is not
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cleaved. One hundred and twenty-seven chickens (commercial
broilers, White Leghorn and New Hampshire) were genotyped using
this protocol, and genotyping data were validated by sequencing.
Full identity of results between the two genotyping methods was
observed for all 127 samples, proving the reliability and robustness
of this PCR-RFLP protocol.
Key words: Chicken; PCR-RFLP; Avian influenza virus; Mx gene;
S631N mutation

INTRODUCTION
Mx proteins have antiviral activity specific for different viral families, and are found in
several vertebrate species (reviewed in Haller et al., 2007). In particular, the mouse Mx1 protein has
been shown to confer resistance to influenza A viruses (Salomon et al., 2007; Tumpey et al., 2007).
In chicken, the effect of the Mx proteins is not as clear: initially, in vitro study demonstrated that the Mx protein had no antiviral activity against influenza virus in duck (Bazzigher
et al., 1993) and chicken (Bernasconi et al., 1995), but later studies (Ko et al., 2002) showed
that the chicken Mx variant Asn631 conferred antiviral activity against vesicular stomatitis
virus and H5N1 influenza virus on transfection into mouse 3T3 cells.
The non-synonymous G/A polymorphism at position 2032 of chicken Mx cDNA (accession No. Z23168), resulting in the substitution of serine with asparagine at position 631
of the Mx protein, seems to influence the antiviral activity of the molecule (Ko et al., 2002).
However, no association was found between the Mx genotype for the G/A polymorphism affecting amino acid position 631 and the survival of chicken experimentally infected in vivo
with a highly pathogenic H7N1 avian influenza virus (Sironi et al., 2008).
Similar results were obtained by Benfield et al. (2008) in their study showing that the
Asn631 allele of chicken Mx is unable to inhibit in vitro replication of 5 influenza strains.
Several studies have investigated the allele frequency of the Mx 2032 G/A polymorphism in the chicken using a variety of methods: mismatched polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) (Seyama et al., 2006), electrophoresis of PCR
products on polyacrylamide gels (Li et al., 2006), and sequencing (Balkissoon et al., 2007).
In a previous study (Sironi et al., 2008), Mx genotyping for the 2032 polymorphism
was carried out by both direct sequencing and PCR-RFLP analysis to compare the genotypes
obtained. Some discrepancies were initially observed in the genotype data obtained with the two
methods, due to an A/G single nucleotide polymorphism in the sequence of the F primer used for
the PCR-RFLP, leading to the preferential amplification of one of the two alleles. New primers
and PCR-RFLP protocol were established. The latter PCR-RFLP-based genotyping protocol that
does not require the creation of mismatches (Seyama et al., 2006) is here described.

MATERIAL AND METHODS
Primers were designed based on the Mx genomic sequence of accession No.
DQ788615, as follows: forward (F) 5’-GCACTGTCACCTCTTAATAGA-3’ and reverse (R)
5’-GTATTGGTAGGCTTTGTTGA-3’. The F primer anneals to the last intron of the Mx
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gene, and the R primer anneals to the last exon of the gene. The expected PCR product had
a length of 299 bp.
PCR was carried out in a total volume of 15 μL, with 30 ng genomic DNA, 6 pmol
of each primer, 1.5 μL 10X buffer, 1.5 mM MgCl2, 0.2 mM of each dNTP, and 1 U AmpliTaq
Gold (Applied Biosystems). The thermal cycle was as follows: 95°C for 10 min, 35 cycles of
94°C for 1 min, annealing at 53°C for 1 min, and 72°C for 1 min, followed by a final extension
step at 72°C for 10 min. PCR products (3 μL) were visualized in an ethidium bromide (EtBr)stained 2% agarose gel in 1X TAE buffer.
PCR products were digested with Hpy8I (Fermentas). This enzyme cuts the sequence
5’-GTN|NAC-3’, 2 bp downstream of the Mx polymorphism for the G allele, whereas the
fragment containing the A allele is not cleaved (Figure 1). The digestion reaction mixture was
prepared using 12-μL PCR product, 10 U Hpy8I (Fermentas), dH2O and Tango buffer according to the manufacturer, and incubated at 37°C for 3 h. Digestion products were visualized by
electrophoresis through an EtBr stained 2.8% agarose gel in 1X TAE buffer (Figure 2).
DNA was obtained from one hundred and twenty-seven chickens (commercial broilers,
White Leghorn and New Hampshire), which was used for genotyping both the PCR-RFLP protocol and sequencing. Some of these data have been published previously by Sironi et al. (2008).

RESULTS AND DISCUSSION
This paper describes a robust PCR-RFLP genotyping protocol for chicken Mx gene
polymorphism that causes the S631N mutation in the coded protein.
Primers were designed to avoid other restriction sites for the Hpy8I enzyme, and to
obtain fragments of sufficient size to be easily discriminated. Following digestion with Hpy8I,
a single fragment of 299 bp was expected for the homozygous A allele, two fragments of 200
and 99 bp in the presence of the homozygous G allele, and three fragments (299, 200, and 99
bp) in the presence of heterozygosity (see Figure 2).
Mismatches in the primer binding sites for PCR-RFLP genotyping methods are
likely to lead to genotyping errors. In a previous study, Sironi et al. (2008) initially observed discrepancies in genotyping data obtained from sequencing and PCR-RFLP approaches. That was the result of an A/G single nucleotide polymorphism in the F primer
used in PCR-RFLP. The genotyping protocol described in the present study used redesigned primers that avoid this polymorphic site. In a previous study, 85 chickens from three
commercial broiler lines and two experimental lines (New Hampshire and White Leghorn)
were genotyped with both the PCR-RFLP protocol described here and sequencing. Full
identity of results between the two methods was obtained for each of the 85 chickens
(Sironi et al., 2008). Forty-two broilers from six other commercial broiler lines were spe-

Figure 1. Nucleotide sequence of the Mx gene fragment (bases 20670-20968 of accession No. DQ788615).
The intron is in italics and coding sequence is in normal type. Primers are shown shadowed, and the G/A 2032
polymorphism causing the S631N mutation is in square brackets. The Hpy8I restriction site is underlined.
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Figure 2. Examples of PCR-RFLP products after digestion with Hpy8I and separation by electrophoresis through a 2.8%
agarose gel. Lane GG = homozygous G allele; lanes AA = homozygous A allele; lanes AG = heterozygous; M = ladder.

cifically genotyped for the present paper. Recently, three amino acid mutations downstream
of the S631N site have been reported (Berlin et al., 2008). One of these seems to be due
to a nucleotide substitution within the R primer sequence used in the protocol described
here. Nevertheless, the presence of this polymorphism was not confirmed in the samples
analyzed in the present study.
The Mx gene has a large number of repeat sequences making sequencing of the
gene and genotyping error-prone (Ommeh S, personal communication). The present study
shows the need to carefully choose the Mx gene template region for primer design and to
carry out repeated genotyping, preferably using different primer sets.
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