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Genetic identification and restriction fragment length polymorphism (RFLP)
based analysis of Myxovirus resistant gene (Mx) of chicken in Bangladesh
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Abstract

The Myxovirus resistant gene (M) codes for Mx protein with antiviral activity. Mx gene has been found
in yeast and vertebrates ranging from fish to humans. In the present study Mx gene and its diversity in
chicken is reported. A total of 42 bload samples were collecled from different groups of chicken and were
analyzed by polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP).
The diversity of My geﬁe was enumerated by RFLP of PCR product with Rsa/ and Sspl restriction
enzyme. My gene was amplified from all the tested samples (100%) with the primers used. The primers
amplified specific 100bp and 300bp DNA fragments from Mx gene. RFLP analysis of PCR product
obtained with mismatched primers re.\fealed that three types of Mx gene allele are prevailing in the tested
samples; these are homozygous resistant Mx allelic gene (R/R), heterozygous Mx allelic gene (R/S) and
homozygous sensitive Mx allelic gene (5/5). The proportions of each gene allele in the sampled chicken
were 42.86% l,{f’rR, 42.86% S/S and 14.29% R/S. Interestingly. variation in Mx gene was observed within
and between the groups of chicken, Present study has limitations like number of sample, species of bird
sampled, etc. However, the study provides the genetic basis to some extent of chicken about resistance or
sensitivity to avian influenza. To the best of our knowledge this is the first report of Mx gene related study
in chicken in Bangladesh.

{Kcy Words: Mx gene, Diversity, Avian influenza, Chicken)

Introduction ranging from fish to humans (Stacheli er o/ ,
1989; Stacheli, 1990; Pavlovic and Staeheli,
1991; Bazzigher er a/., 1993: Lee and Vidal,
2002; Plant and Thune, 2004). Human MxA

The Myxovirus/avian influenza resistant
(Mx} gene codes for a protein with antiviral

activity. Mx protein, as an interferon-
induced guanosine triphosphatase, confers

resistant  activity  to Orthomyxovirus
infection to some extent and has been found
In  many organisms including  yeast

(Rothman er al, 1990) and vertebrates

has a wide spectrum of antiviral activity
against
influenza viruses and Paramyxoviridae
(Ziircher et a/.,1992 and Zhao et al., 1996),
Mouse Mx1 and Mx2 proteins can inhibit the
influenza virus (Jin et al, 1999). The "

Orthomyxoviruses including
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chicken Mx protein has been reported to
exhibit
influenza

antiviral activity against the

virus and the recombinant
vesicular stomatitis virus {(VSV). However,
Benfield et /. (2008) reported that the breed
Shamo, which has an Asparagine at amino
acid 631 (Asn631) was void of activity
against the H5N1 strain in primary chicken
embryo fibroblasts (CEF) from an in vitro
surrogate. The chicken Mx protein, which is
composed of 705 amino acids and encoded
by the Mx gene exists in predominantly
cytoplasmic form (Bernasconi et al., 1995).
Ko et af., {(2002) reported that, among a
number of naturally occurring mutations in
the chicken My gene, only the Serine to
Asparagine mutation at position 631
(S631IN) caused by a single nucleotide
polymorphism at position 2,032 (G to A) of

Mx cDNA resulted in positively antiviral .

function in vitro. This advantageous allele A
was detected in 50% of the brceds they
studied. A single-point matation of the Mx
protein that could affect antiviral activity has
also been reported in humans (Janzen et al.,
2000). So, it is clear that variation in Mx
gene is existing in population.

With the emergence of Highly Pathogenic
Avian Influenza (HPAI) H35N1 in
Bangladesh in 2007, stakeholders associated
with animal and public health have become
involved in different form of activities
ranging from generating knowledge through
scientific studies and implementation of the
HPAI control program. Despite the efforts of
the Government of Bangladesh, with the
support of different development partners
H5N1

and stakeholders, continues to

circulate in Bangladesh. It seems that
conventional control strategies based on
surveillance, stamping out, movement
restriction and enforcement of biosecurity
measures did not prevent the HPAI outbreak.
Moreover, a new clade 2.3.2.1 emerged in
January 2011 resulting in further economic
losses, and posing increased risk of human
infection and potential threat of a human
influenza pandemic (FAQ, 2011). Detection
of 2.3.2.1 clade from dead crows (Khan et
al., 2014) and the ongoing HSN1 outbreaks
in poultry have substantiated that additional
targeted influenza surveillance is warranted
to fully characterize the dynamic influenza
situation amongst livestock, wildlife, and
Bangladesh.
vaccination against HPAI is going on to

people 1n Experimental
control the disease. Therefore, alternative
and complementary ways of controlling
HPAI have to be explored. The use of

antiviral  chemotherapy and  natural
compounds, avian-cytokines, RNA
mnterference, genetic breeding and/or

development of transgenic pouitry may be
the options {Abdelwhab and Hafez 2012).
Mx gene may be one of the candidates for
development of influenza resistant poultry.
Therefore, this very preliminary study was
planned to determine the Mx gene and its
diversity in chicken in Bangladesh.

Material and Methods

Blood sample

A total of 42 blood samples were collected

from different groups of chicken. Blood

samples were collected in anticoagulant,
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mixed well and transferred to the laboratory
of Animal Health Research Division of
Bangladesh Livestock Research Institute,
Savar, Dhaka. All the samples were stored at
-80°C until used. The study was conducted
during the period of July to December 2012.

DNA extraction

The DNA was extracted from blood samples
using the Phenol: chloroform: iso-amyl
alcohol method. The extraction procedure is
as follows; 200ul of blood was fakenina 1.5
ml micro centrifuge tube and 20pl of
proteinase K was added and mixed well. To
this, equal volume of Phenol: Chloroform:
Iso-amyl alcohol (25:24:1) was added, then
gently mixed and centrifuged at 8000xg for
2 minutes under refrigerated condition. The
upper aqueous phase was transferred to a
new micro centrifuge tube and above
procedure ‘was repeated. The upper aqueous
phase was transferred to a new micro
centrifuge tube and equal volume of
chloroform was added, then gently mixed
and centrifuged at 8000xg for 2 minutes
under refrigerated condition. Three molar
sodium acetate was added to one tenth of the
volume of protein free DNA solution (upper
aqueous phase) and two volumes of absolute

Table 1. Primer sequences and their sources

ethanol was added and kept at —80°C for one
hour followed by centrifugation at 15000xg
for 15 minntes. The DNA pellet was
resuspended in 70% ethanol and centrifuged
at 15000xg for 15 minutes and the DNA
pellet was dried till no more ethanol left in
the tube. DNA was suspended in 50ul of
nuclease free water and stored at —20°C.

Primer

Two sets of primers were used to amplify the
portion of Mx gene. Primer sequences with
source and size of the PCR product are
mentioned in Table 1. Primers were
synthesized by BioBasic, Canada.

Polymerase chain reaction (PCR)

The PCR reaction mixture consisted of
Genei red dye Master mix with enzyme 12.5
pl, forward and reverse primer each 1lpi
(20pmole); template DNA 2ul and water 8.5
pl. The cycling profile comprised an initial
denaturing step for 5 min at 94°C, followed
by 35 cycles at 94°C for 1 min, 60°C for 1
min, and 72°C for 1 min, and a final
extension at 72°C for 5 min {Seyama et al.,
2006). Specitic condition was used for other
primer {Sironi et al., 2010). Amplicons were
analyzed by gel electrophoresis in a 2%

Primer sequence 5-3° PCR Product Source
size
NE-F2: CCTTCAGCCTGTTTTTCTCCTTTTAGGAA 106bp Seyama et
NE-R2/R: CAGAGGAATCTGATTGCTCAGGCGTGTA al. (2006)
NE-R2/S:CAGAGGAATCTGATTGCTCAGGCGAATA
Mx-Sironi-F: GCACTGTCACCTCTTAATAGA 299bp Sironi et al.

Mx-Siront-R: GTATTGGTAGGCTTTGTTGA

(2010)
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agarose gel using Tris-acetate-EDTA (TAE)
buffer and stained with cthidium bromide,
and visualized  using

was  finally

transilluminator.

Restriction fragment length
polymorphism (RFLP)

The PCR products obtained using NE-F2
and NE-R2/R primers were digested with the
restriction endonuclease Rsal (Biolabs,
USA) and those obtained using NE-F2 and
NE-R2/S primers were digested with Sspl
(BioLabs, USA). The digestion reaction
(10ul) consisted of nuclease free water 3pl,
10X buffer 1pl,
restriction enzyme 1ul and PCR product Sul.

compatible specific
The reaction mixture was incubated at 37°C
water bath for lhour. Upon digestion the
3%
agarose gel containing ethidium bromide.
DNA ' uv
transilluminator (Daihan Scientific Co. Ltd..
Korea).

products were electrophoresed in

was visualized with

Results

Amplification of Mx gene with
mismatched primer

A total of 42 blood samples from different
groups of chicken were investigated to
determine the Mx gene and its diversity. By
the mismatched primers 100bp fragment of
DNA was amplified from Mx gene of all the
tested samples (n=42/42).
represents the amplification of 100bp DNA
from Mx gene of different samples. The
primer set NE2-F2/F and NE2-R2/R
amplified 100bp DNA from Mx gene

Figure 1

(Figure. 1 Left panel 1-5). On the other hand,
the primer set NE-F2 and NE-R2/S was also
amplified 100bp DNA from Mx gene
(Figure 1 Right panel 1-5).

Figure 1. Amplification of Mx gene by PCR. Lane 1-5
(left): Amplification by primer NE-F2 & NE-R2/R,
Lane M: Marker, Lane 1-3(right): Amplification by

primer NE-F2 and NE-R2/S

300bp

Figure 2. Amplification of Mx gene by Sironi’s primer.
Lane S1 and S2 : Test sample, Lane M: Marker

Amplification of Mx gene

DNA extracted from blood was subjected to
PCR with primer reported earlier (Sironi et
al., 2010). About 299bp DNA fragment was
100% (n=42/42) tested
samples. Figure 2 shows the amplification of
~299bp DNA from Mx gene.

amplified from
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Diversity of Mx gene

PCR products obtained with NE-F2 &
NE-R2/R  primer were digested with
restriction enzyme Rsal while PCR products
obtained with NE-F2 and NE-R2/S were
digested with Sspl. Both the enzymes cut the
100bp fragment into two 73 and 27bp length
fragments. Three types of results were
observed (Figure 3) with each restriction
enzyme. These are complete digestion
(42.86%), partial digestion (14.29%) and no
digestion (42.86%). Complete, partial and no
digestion with Sspl
(homozygous), variable (heterozygous) and
(homozygous) to influenza,
respectively. While complete, partial and no
digestion with Asal indicate sensitive
(homozygous) variable (heterozygeous} and
resistant (homoiygous), to influenza, respec-
tively. Because if the variation at nucleotide
position 2032 is G, which corresponds to the
sensitive type, Rsal will digest the PCR
product obtained using the NE-R2/R primer
to fragments of both 73 and 27 bp, but Sspl
will not. Conversely, if the variation is A,
which coincides with the resistant type, Sspl
will digest the PCR product obtained using
the NE-R2/S primer to fragments of 73 and
27 bp, but Rsal will not.

indicate resistant

sensitive

Discussion

Chickens are natural host of many viruses
including influenza virus (Easterday, 1975)
and infection with these viruses causes
serious illness or death in chickens. The
avian influenza virus (AIV) is also infectious
to humans and has led to an acute condition

in some cases (Subbarao ez al, 1998).
Selective  breeding of
chickens would be benefecial for both the
livestock industry and human health. Mx
protein induced by type I [FN is known to
inhibit the multiplication of various viruses,
including influenza virus (Lec and Vidal.
2002). Chicken Mx was first reported in a
breed of German White Leghom
(Bernasconi et al, 1995), but it lacked
antiviral activity for both influenza virus and

virus-resistant

vesicular stomatitis virus (VSV). However.
it is reported that a specific aminc acid
substitution between Asn and Ser at position
631 determines the differential antiviral
activity of chicken Mx protein (Ko er al..
2002). In the present study we endeavor to
detect Mx gene followed by its diversity. The
primers used in this study were found
suitable for amplification of Mx gene. All the
tested samples were amplified by the primer
sets used (Figure 1, 2 and Table 1). Our
finding is comparable with the findings of
Sevama ef al., (2006) who designed and used
this primer to detect and identify the Afx gene
diversity in chicken. They tested 271
samples and specific band was found in
100% cases. Similar findings were reported
carlier (Sartika ef al., 2011; Elfidasari er al.,
2013). Sironi et al (2010) reported that
among the primers designed by them, the
forward primer anneals to the last intron of
the Mx gene and the reverse primer anneals
to the last axon on the gene. The Mx gene has
a large number of repeat sequences making

sequencing of the gene, genotyping
error-prone  (Sheila Ommeh, personal
communication, International Livestock’



Myxovirus resistant gene (Mx) of chicken

Research  Institute, ~Nairobi, Kenya).
Therefore, genotyping should be performed
preferably using different primer sets (Sironi
et al., 2010). In this study we used two
restriction enzymes to do genotyping.
However, we did not use restriction enzyme
Hpy81 used by Sironi et al. (2010). Based on
two restriction enzyme analysis, tested
samples were genotyped into three groups
namely, homozygous resistant, homozygous
sensitive and heterozygous (Table 2 and
Figure 3). Our findings comply with the
findings of Seyama er al. (2006), who
investigated 271 DNA of commercial and
indigenous chickens from different sources
and  found
heterozygous Mx gene allele within and

between the groups of chicken. Similar

resistant,  sensitive  and

Table 2. Diversity of Mx gene in chicken

results were also reported by Sartika ez al.,
(2011) and Sulandari ez al.,(2009). They also
reported that indigenous chicken has more
frequency of resistant type Mx gene allele.
Findings of the present study regarding
distribution of Mx gene have likeness with
the findings of Seyama et al., (2006). Overall
they reported 33.95% (n=92/271) resistant,
52.40% (n=142/271) sensitive and 13.65%
(n=37/271) heterozygous allele in the tested
samples (n=271).

Conclusion

PCR-RFLP study of Mx gene in chicken
revealed that three types of Mx gene viz.,
homozygous resistant (R/R), heterozygous
(R/S) and homozygous sensitive (S/S) Mx
allelic gene exists in tested chickens. The

Chicken PCR-RFLP

R/R S/S R/S Total
Group 1 4 3 2 9
Group 2 5 4 1 10
Group 3 3 4 2 9
Group 4 3 3 0 6
Group 5 3 4 1 8
Total 18 18 6 42
Total (%) 42 .86 42.86 14.29 100

R/R:Homozygous resistant; R/S: Heterozygous: $/S: Homozygous sensitive

Figure 3. Restriction enzyme analysis of Mx gene. Left panel: Mx gene is amplified with primer NE-F2 and

NE-R2/S and digested with Sspl. Right panel: Mx gene was amplified with NE-F2 and NE-R2/R and digested with -

Rsal. M: Marker, R/R: Homozygous resistant, $/S; Homozygous sensitive and R/S: Heterozygous
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proportion of each gene allele in the sampled
chicken was 42.86% (R/R), 42.86% (8/8)
and 14.29% (R/S). The present study has
limitations like number of sample, species of
chicken sampled, etc.
findings provide the genetic basis to some
extent of chicken about resistance or
sensitivity to avian influenza. Further study
with large number of samples covering

However, these

various species of chicken is necessary to
assess the diversity of Mx gene,
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