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Abstract:

BACKGROUND: Avianreoviruses(ARVs) aremembersof the
Orthoreovirus genus; one of the 12 genera of the Reoviridae
family. The ARVs are the cause of some important diseasesin
poultry such as reovirus-induced arthritis, tenosynovitis,
chronic respiratory disease, and mal-absorption syndrome.
OBJECTIVES: Inthisstudy, the presence of ARVsinthelranian
breeder flocks was investigated through reverse transcription-
polymerase chain reaction (RT-PCR) and restriction enzyme
fragment length polymorphism (RFLP). METHODS: A total of
800 fecal swab samples were initially collected from breeder
flocks (older than 45 weeks of age). They were then sent to the
laboratory in containers with PBS, and after that they were
pooled andfinally to 120 sampleswere obtained. Thetotal RNA
extractedfromthepool edfecal sampleswereusedtoamplify the
selected partsof the S1 (1023 bp) and $4 (437 bp) genesfromthe
ARV field isolates using RT-PCR. The positive RT-PCR
amplified products were further analyzed by RFLP using five
restrictionenzymes. RESULTS: Based onthefindings, 5 samples
were positivewith the S1 primer and 6 sampleswerewiththe S4
one. The patterns observed after the digestion of PCR products
revealed that theisolates of thisstudy wereidentical to both the
S1133 vaccine and standard strains. CONCLUSIONS: The
findings suggested that the RT-PCR/RFLP analysis might be
considered asasimpleand rapid approach for thedifferentiation
of ARV isolates. Thisstudy wasthefirst molecular detection of
the ARV's presence in the Iranian breeder flocks using the RT-
PCR amplification of the S1 and $4 genesand RFLPanalysis.

Introduction

Avian reoviruses (ARVs) are the cause of some
important disordersin poultry. In particular, reovirus-
induced arthritis, chronic respiratory disease, and
malabsorption syndrome may be associated with
considerable economic losses (Hieronymus et al.,
1982). The genome of ARVs is composed of 10
segmentsof double-stranded RNA (Benaventeetal.,
2007). The ARVs genome encodes 12 proteins
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including eight structural and four non-structural
proteins (Varela et al., 1994). Among the ARV
proteins, thecC protein, encoded by theARV S1gene
(Varelaet a., 1994; Shapouri et al., 1995), has 326
aminoacidsinlengthand possessesboth specificand
broadly-specific epitopes (Wickramasinghe et al.,
1993; Shapouri etal., 1996). Another proteinof ARV,
ONS, encoded by the S4 gene(Chiuetd., 1997), has
been reported for its single-stranded RNA binding
activity (Yin et a., 1998; Benavente et a., 2007).
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Although the pathol ogi cal effectsof ARV sin poultry
have been extensively studied, relatively little is
known about thevariationsand evolution of theARV
genes.

Various methods used to identify ARV isolates
and detect antibodies against the ARV include
immunodiffusion, virusneutralization, enzymelink-
ed immunosorbent assay (ELISA), in situ hybridiz-
ation, andimmunoblot assays(Leeetal., 1994; Liuet
a., 1999, 2002, 2003; Kant et al., 2003). Dueto the
influence of various factors such as standardization
of the procedure and the method of antiserum
production on serological analyses of viruses, more
tests with monoclonal antibodies raised against
different serotypes are needed to confirm the
presence of truly distinct serotypes. Furthermore,
ARV isolatescanrapidly evolve, resultinginawider
heterogeneity in pathogenicity and their neutralizing
antigens, as well as considerable cross-reaction
among the heterologous types (Rosenberger et al.,
1989; Clark et al., 1990). In order to find a more
practical and accurate method of identifying ARV
isolates, PCR-RFL Pand phylogenetic analysiswere
conducted to characterize the new field isolates of
ARV (Liu et a., 2003, 2004). In recent years,
molecular-based methods were effective in the
characterizationof viruses(Linetal.,1991; Liuetal.,
1999). TheRT-PCRisabletodetect aslittleas 1 pg of
RNA and the detection of such a small amount of
RNA may enable the viral RNA to be amplified
directly from clinical and environmental samples
(Xieetal.,1997). It hasbeen shownthat thesegments
S1 and 4 of the ARV genome express a higher
variability compared to the other segments of the
ARV genome (Liu et al., 2003, 2004). Genetic
divergence enabled researchers to rapidly dif-
ferentiate ARV isolates based on the restriction
profiles of the S1 and S4 genomic segments. In this
investigation, we attempted to detect avian
reoviruses directly from the feca swab samples
collected from the breeder flocks of Iran through the
RT-PCR and differentiate the ARV field isolates
based on the restriction enzyme fragment length
polymorphism (RFLP) patterns.

M aterialsand M ethods

Sampling: Atotal of 800fecal swab sampleswere
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collected from the breeder flocksin three provinces
(i.e.Mazandaran, Gilan, Ghazvin) of Iran. Thesi zeof
the flocks varied from 20000 to 40000 hens. Every
fecal swab sample was placed in a sterile tube
containing Phosphate Buffer Saline (PBS) and then
transferredtoour laboratory incold conditions. Inthe
laboratory, every 6-7fecal swab sampleswerepooled
and centrifuged for 5 min at 3000 x g. Then, each
supernatant was harvested and filtered through a
sterile membrane filter (Orange®, Belgium) with a
0.45umporesize. Each of themwascollectedinal.5
mL sterile RNase and DNase free microtube and
stored at -20°C until future use (Zhang et al ., 2006).

RNA extraction: A commercial kit (High Pure
Vira RNA Kit®, Roche, Germany) was used to
extractthetotal RNA fromthefecal samplesprepared
asdescribed before. Briefly, 200 yL of each prepared
sample was added to a 1.5 mL sterile RNase and
DNase free microtube which contained 400 pL of
working solution (polyA plus binding buffer) and
then processed asrecommended by themanufacturer.
The extracted viral RNA was stored at -70°C until
further use.

Reverse transcription-polymerase chain re-
action (RT-PCR): To make cDNA, a commercia
cDNA synthesiskit (2-steps RT-PCR kit, RTPL12%,
vivantis, Malaysia) was used. The positive control
was the live vaccine S1133 strain. The procedure
recommended by the manufacturer wasutilized with
somemodifications. Briefly, 8 uL RNA extracts, 1 L
Random Hexamer primer, and 1 pL dNTPs were
added to a0.2 mL microcentrifuge tube, boiled for 4
min, andthen cooled onicefor 2min. Two pL 10x RT
buffer plus 1 L M-MULV RT enzyme (200 u/pL),
and 7 pL Nuclease-free water were added to the
previousmixture, thenit wasincubated for 10 min at
25°C, one hour at 42°C, 5 min at 85°C, and finally
cooled onice, and stored at -20°C.

To amplify the full-length cDNA of the ARV
isolates, appropriate pairsof theprimerswerechosen
based on the cDNA sequences of thegenomic S1and
A segments of ARV S1133 (Shapouri et al., 1995;
Chiuetal., 1997). For theS1 gene, twopairsof primer
SIA (5-CTTGTCTTATAGTTCATTGGG- 3,
identical to nucleotides 601 to 621) and S1H (5'-
TCCCAGTACGGCGCCACACC-3,,
complementary to nucleotides 1622 t01603) were
used to amplify the S1 gene (1023 bp) of live S1133
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vaccinestrainandthefieldisolates usedinthisstudy
(Liuet a., 2003). The amplification was carried out
ina50-pL reactionvolumecontaining 5uL 10x PCR
buffer, 1 uL 10 mM dNTPs, 1.25 uL of each primer
(10 pmol/uL), 0.25 uL Tag DNA polymerase
(5U/uL), 1.5 uL 50 mM MgCI2, 33.75 uL of dH20,
and 6 uL cDNA dilution. The thermocycler (Mini
BIORAD® Mastercycler) used for theamplification
wasprogrammedasfollows: 94°Cfor 3minfollowed
by 35 cyclesof 94°Cfor 1 min, 60°Cfor 45 sec, 72°C
for 65 sec, and afinal extensionat 72°Cfor 10min. In
all of the PCR reaction sets, negative controls(dH20
instead of cDNA) wereincluded.

For the $4 gene, two pairs of primer S4-p4 (5'-
GTGCGTGTTGGAGTTC3) and Ap5 (5-
ACAAAGCCAGCCAT(G/A)AT-3") were used to
amplify the S4 gene (437 bp) of the live S1133
vaccinestrain and thefieldisolatesused inthis study
(Liu et al., 1999, 2004; Bruhn et a., 2005). The
amplification was carried out in a 25-uL reaction
volumecontaining 2.5 uL 10x PCR buffer, 0.5uL 10
mM dNTPs, 1 uL of each primer (10 pmol/uL), 0.2
uL Tag DNA polymerase (5U/uL), 0.75 uL 50 mM
MgCl2, 15.05 uL of dH,0, and 4 uL cDNA dilution.
Thethermocycler wasprogrammed asfollows: 94°C
for 4 min followed by 35 cycles of 94°C for 30 sec,
54°C for 45 sec, 72°C for 1 min, and afinal extension
at 72°C for 10 min. In al the PCR reaction sets,
negative controls (dH20 instead of cDNA) were
included.

The amplification products for both S1 and $4
geneswere detected by gel electrophoresis (Apelex,
France) in 1.2% agarose gel in the TAE buffer. The
gelswererun for 55 min at 80 V, stained with DNA
SAFE STAIN® or CYBER SAFE® (1 pL/30 mL
agarose gel), exposed to ultraviolet light, and
photographed at the end (Visi-Doc-It system, UVP,
UK). A commercial 100-bp DNA ladder (Vivantis,
Malaysia) was used as the molecul ar-weight marker
in each gel running. The primersand other materials
used in the PCR reaction and the gel electrophoresis
were provided by Cinnagen Co. (Iran).

Redriction enzymefragment length polymor phism
(RFLP): The amplification products were digested
with five different restriction enzymes (RE)
including Bcnl, Haelll, Tagl (Fermentas Life
Science, Germany), Ddel (Roche, Germany), and
Hincll (Vivantis, Malaysia) according to the
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manufacturers instructions. Briefly, 8 uL PCR
product, 2 uL RE buffer, 1 uL RE, and 14 uL. dH20
weremixed, incubated at 37°C (at 65°C for Taq|) for
2.5 h, and runin 1.5% agarose gel at 7 v/Cm for 60
min. The DNA fragments on agarose gels were
stainedwith CY BER SAFE® (Cinnagen), visualized
by ultraviolet illumination, and photographed at the
end. All reactions were undertaken in duplicates
(Shapouri etal., 1995; Chiuetal., 1997).

Result

RT-PCR: Amongthe 120 pooled fecal samples, 5
sampleswere positive for the S1 segment (Figure 1)
and 6 samples were positive for the S4 segment
(Figure?2).

Redriction enzymefragment length polymor phism
(RFLP): The digestion of the PCR products by the
fiverestriction enzymesresulted in different patterns
which were compared with the restriction sites and
patternsof the S1133 vaccine strain and other known
strains (originated from tenosynovitis) whose
sequence data are available in the GenBank data
(Tablel).

The RT-PCR amplified products of the S1 gene
were cleaved by Tagl into two fragments of 430 and
880bp (Figure3.a,lanesl, 2,and 3), by Ddel intoone
fragment of 480 bp (Figure3.c, lanes1, 2, and 3), and
by Hincll into two fragments of 320 and 620 bp
(Figure3.d,lanes1, 2, and 3). Benl (Figure 3.b, lanes
1,2,and 3), and Haelll (Figure 3.e, lanes 1, 2, and 3)
did not cut the S1 gene amplified products. All five
positive samples for the S1 gene demonstrated
identical patterns and were compatible with the
S1133vaccinestrainand S1133 standard and 750505
strains.

The RT-PCR amplified products of the $4 gene
were cleaved by Tagl, Ddel, and Haelll into one
fragment of 350 bp (Figure 3.a, lanes4, 5, and 6), 300
bp (Figure 3.c, lanes 4, 5, and 6), and 120 bp (Figure
3.e,lanes4, 5, and 6), respectively. Benl (Figure 3.b,
lanes 4, 5, and 6) and Hincll (Figure 3.d, lanes 4, 5,
and 6) did not cut the S4 geneamplified products. All
six positive samples for the S4 gene demonstrated
identical patterns and were compatible with the
S1133vaccinestrainand S1133 standard and 750505
strains.
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PC
1023bp

Figurel. Electrophoresisof RT-PCRamplified 1023bp products
of the S1 gene on 1.2% agarose gel and stained with safe stain
(cyber green®). Amplified 1023 bp bands of field isolates are
shown in lanes 1 to 5. Lanes M, PC, and NC indicate 100 bp
ladder, positive control (S1133 vaccine strain), and negative
control (dH2O instead of cDNA), respectively.

Discussion

Avianreoviruses(ARVs) havebeenimplicatedin
causing many disease syndromes, especidly arthritis/
tenosynovitis syndromes which are not distinguish-
able from other poultry diseases by clinical examin-
ation. In such circumstances laboratory diagnosis of
the disease is therefore required. Due to problems
associ ated to serological proceduresin analyzing the
ARVs, molecular analysis methods have been
developed for theidentification and characterization
of the ARV isolates. The PCR-RFLP and phylo-
genetic analysis have been conducted for the
differentiation of the standard and new field isolates
of theARVs(Linetal., 1991; Liu et a., 1999). The
segments S1 and $4 of the ARV genome have been
found to be suitable for differentiating the ARV
isolates and studing genomic variations due to the
presence of high variability in these regions (Liu et
a., 2003, 2004). The digestion of the RT-PCR
products of the amplified S1, S3, and $4 gens by
restriction enzymes (RE) have shown variations
amongtheisolates(Leeetal., 1998; Liuetal., 2004).

Therearemany recent reportsregarding theavian
reoviruses infections in poultry flocks around the
world. A sero-prevalence study on the Nigerian
poultry flocks revealed that the prevalence of anti-
reovirusantibody was41% (Owoadeet al., 2006). In
China, asero-epidemiologicstudy of ARV infections
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Figure 2. Electrophoresisof RT-PCR amplified 437 bp products
of theS4 geneon 1.2% agarosegel and stainedwith cyber green®.
Amplified 437 bp bands of field isolatesare showninlanes1to
6. LanesM, PC, and NC indicate 100 bp ladder, positive control
(S1133 vaccine strain), and negative control (dH20 instead of
cDNA), respectively.

from egglaying chicken flocks showed that 92%
(542/587) of the average positivity (Pu et a., 2008).
The same authors isolated an ARV from the flocks
with suspicious ARV infections and confirmed the
ARV by PCR. The sequence of the ARV isolates
revealed high homology with the vaccine strain
S1133, with 2 98.97% nucleotide identity (Pu et al.,
2008). InUSA, thepresenceof theARV fieldisolates
among the US poultry flocks was confirmed by the
nested-PCR that amplified the S1 genesegment. The
further sequenceanalysisof theisol atesreveal ed that
the US isolates were closely related, but different
from the Australian isolates (Liu et a., 1997). In
another USstudy among chickenandturkey flocks, 4
samples from chickens and 8 samples from turkeys
were positivein the RT-PCR of the $4 segment gene
(Pantin-Jackwoodetal ., 2008). InChina, Zhangetal .,
(2006) detected the avian, duck, and goose reovirus
RNA RT-PCR amplification of the GA (S2) encoding
gene. The nucleotide and amino acid sequence
identities in the amplified GA-encoding gene were
74.2-78.4% and 86.9-92.0%, respectively, between
duck/goose and chicken species(Zhang et al ., 2006).
In another study, Liu et al., (1999) used anested RT-
PCR with subsequent restriction endonuclease
analysisfortheidentification of thesigmaC-encoded
gene (S1) ARVs. PCR products derived from the S1
gene of al tested ARVs resulted in a specific DNA
band of 1023 bp, indicating that there were no
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Figure 3. Electrophoresis of the PCR products from the S1 gene (1023 bp) and $4 gene (437bp) of ARV field isolates digested with five
restriction enzymes:. Tagl (a), Benl (b), Ddel (c), Hincll (d), and Haelll (e). LaneM illustratesthe 100 bp ladder. Lanes 1, 2, and 3indicate
the 1023 bp PCR product from the S1 gene of S1133 (standard strain) and twofield ARV isolates, respectively. Lane4, 5, and 6 indicate the
437 bp PCR product from the $4 gene of S1133 (standard strain) and two field ARV isol ates, respectively.

apparent insertions or deletions in this region. Our
findings with RT-PCR of the S1 gene segment were
comparablewiththosepresentedby Liuetal ., (1999).
The PCR amplified cDNA fragment (1023 bp)
cleaved with two generated 565 and 458 bp Pstl
fragments(Liuetal., 1999). Bruhnetal., (2005) used
primersfrom highly conserved regionsof the S2 and
4 genes and confirmed four ARV vaccine strains
(i.e.1133,1733, 2408 and Olson WV U2937) and two
ATCC dtrains (i.e. VR826 and VR856), as well as
several ARV field isolates were obtained from
domestic, wild, and pet birds. They reported that 55%
and 80% of the 64 ARV field isolates were detected
with the ARV S2 RT-PCR and ARV $4 RT-PCR,
respectively. However, 11% of thefieldisolateswere
not detected by the ARV S2 and $4 RT-PCR. The
identity of the amplified products was further
confirmed by restriction enzymes (i.e. Ddel, Rsal,
Pvul and Hincll) (Bruhnetal., 2005). InaTaiwanese
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study (Liu et al., 2004), the full-length 6C-encoding
and oNS-encoding genes of avian reovirus (ARV)
wereamplified using the RT-PCR that resulted inthe
fragments of 1022 and 1152 base pairs, respectively.
Inthat study vaccinestrainsand several fieldisolates
were also detected. The amplified product wasthen
digested with five different restriction enzymes (i.e.
Benl, Haelll, Tagl, Ddel, andHincll). Therestriction
fragment profilesdemonstrated heterogeneity betwe-
enthevaccineand Taiwaneseisolates. TheARV field
isolates also showed different RE digestion patterns
so that they could be classified into four distinct
groups based on the patterns observed on the 6C-
encoding gene amplified products. Interestingly, a
phylogenetic tree based on the nucl eotide sequences
of the oC-encoding gene aso classified the
Taiwanese ARV isolates into four distinct groups,
indicating that the genotype was consistent with the
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Table 1. RFLPprofilecomparison of the RT-PCR amplified product of the S1 and $4 genesof the current study with known strainsof ARV's
(Liuetal.,2004; Bruhnetal., 2005).

ARV

Strainglisolates Segment Tagql Benl Haelll Hincll Ddel
ST 430-880 1023 1023 320-620 480
S1133 (Siandard) s4 350 437 120 437 340
: ST 430- 880 1023 1023 320-620 480
S1133 (Vaccine). 4 350 437 120 437 340
750505 ST 430- 880 1023 1023 320-620 480
4 350 437 120 437 340
ARVIRT, ST 430-880 1023 1023 320-620 480
ARVIR2,
ARVIR3,
ARVIRA. S4 350 437 120 437 340
ARVIR5
501G ST 430-620-980-1000 1023 720 120-420-560-620  220-380-480
S4 150 420 437 437 320
601S1 ST 430-880 1023 1023 320-620 480
S4 350 80 120 437 437
R2ITW s4 437 420 437 280 437
types based on the restriction enzyme fragment findingsshowed that five sampleswerepositivewith
length polymorphism(Liuetal.,2004). Inthepresent the S1 primer and 6 samples with the S4 one. The
study, we also used the enzymes used by Liu et al., patterns observed after the digestion of the positive
(2004) which were able to differentiate the ARV PCR productsreveal ed that the isolates of this study
isolates. were identical to the S1133 and 750505 standard

Forthefirsttimeinlran,anARV wasisol atedfrom strains. It may beargued that sincethe S1133 vaccine
chickens with the malabsorption syndrome and and standard strains have identical RFLP patterns,

arthritis/tenosynovitis disorder, which was then our isolatesmight bevaccinal strains. However, some
characterized (Khodashenas and Aghakhan, 1992). studies have shown that the S1133 vaccine strain
In 2008, amongthe582 serum sampl esobtained from would not excreted into feces (Mukiibi-Mukaet al.,
broiler flocks in the Tehran province of Iran, 572 1984). No virus excretion in the feces was observed
serum sampleswere positivefor the presence of anti- in two and three weeks after the vaccine admin-
ARV antibodies. In that study, the prevalence of istration through four different routes (i.e. drinking
reovirusinfectionwasestimatedtobe98.3% (Bokaie water, eye drop, intramascular and subcutaneous)
etal.,2008).Avianreoviruseshaveal sobeendetected (Mukiibi-Mukaet al., 1984).
using molecular techniquesin Iran (Harzandi et al., Some of our isolates were sequenced for further
2006). The RT-PCR and Nested PCR of the S1 gene molecular and phylogenetic analysis. The sequenc-
were applied to confirm the presence of ARVs in ing of theisolates(datanot shown) confirmedthat the
tissue samples provided from suspicious flocks in genotypes of the lranian ARV isolates were
someprovincesof Iran, inwhichonly onesampleout consistent with types based on the RFLP of the 6C-
of 28 samples was positive (Harzandi et al., 2006). encoding and oNS-encoding genesof ARV.
The findings not only confirmed the presence of Thefindingsof thisstudy suggested that the PCR-
ARVs but also revealed that molecular methods RFLP analysis can be considered as a smple and
could be more sensitive and even more rapid for the rapid approach for the differentiation of ARV
detection of avian reoviruses (Harzandi et al., 2006). isolates. In addition, it is a useful technique to
In this study 800 fecal swab samples were taken determine whether anew variant strainisintroduced
from breeder flocksin Iran. They were pooled and into aflock or agiven virusstrainis spread from one
finally 120 samples were obtained for the experi- flock to another.
ment. The final samples were subjected to the RT-
PCRfortheS1, S4genesof avianreovirus. After that, Acknowledgments
they were digested by five restriction enzymes, and
finally compared with the standard strains. The This research was supported by a grant (No.
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