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Abstract
BACKGROUND: Infectious bursal disease (IBD) is a highly contagious immunosuppressive disease of young chickens
caused by infectious bursal disease virus (IBDV). IBDV consists of a two-segmented double-stranded RNA genome which
can easily undergo genomic recombination or reassortment during mixed infections.
OBJECTIVES: The objectives of this study were to characterize a previously identified Iranian IBDV strain (JRMP29IR)
in specific-pathogen-free (SPF) chickens, evaluate the presence of a mixed and/or reassortant virus population in this
strain, and examine the frequency of genomic recombination and reassortment in publicly available IBDV genomes
through bioinformatics.
METHODS: The SPF chickens were challenged with the JRMP29IR strain via oral and intraocular routes. Bursal tissues
were extracted for histopathological evaluation and reverse transcription-polymerase chain reaction (RT-PCR) followed by
Sanger sequencing. Putative recombinations and reassortments were evaluated using the Recombination Detection Program
5.
RESULTS: Through genomic sequencing of the viruses from the bursas of infected chickens, the JRMP29IR strain was
found to contain viruses from the classic, variant and very virulent IBDV genotypes. Through bioinformatics, numerous
putative recombination and reassortment events were identified that naturally occured throughout the IBDV genome.
CONCLUSIONS: Parental JRMP29IR appears to be derived from a flock undergoing a mixed IBDV infection. High
frequency of recombination and reassortment among IBDVs suggests that these events are evolutionarily beneficial for
the virus.
KEYWORDS: Infectious bursal disease virus, Mixed infection, Molecular characterization, Reassortment,
Recombination
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Introduction
Infectious bursal disease (IBD) is a highly
contagious immunosuppressive disease of

young chickens with active lymphoid tissues
(Hemida et al., 2019; Eterradossi and Saif,
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2020). IBD was first recognized as avian nephrosis in 1962. Almost after a decade, the
causative agent of IBD was proposed as infectious bursal disease virus (IBDV). Owing to its
lymphotropic nature, IBDV causes huge economic loss to the poultry industry both through
high levels of mortality and severe immunosuppression which often leads to secondary
infections and vaccination failure in the infected flocks (Hemida et al., 2019; Eterradossi
and Saif, 2020).
IBDV consists of a two-segmented doublestranded RNA genome (segments A and B),
which encodes the five viral proteins designated as VP1-VP5 (Hemida et al., 2019;
Eterradossi and Saif, 2020). Although IBDVs
are divided into two main serotypes (serotypes
1 and 2), so far, all pathogenic IBDVs have
been characterized as serotype 1 (Eterradossi
and Saif, 2020). Within the IBDV serotype 1,
antigenic drifts have caused a significant
change in virus antigenicity mainly through
amino acid changes in the mid-third of viral
protein 2 (VP2), also known as the VP2 hypervariable domain (Eterradossi and Saif, 2020).
While the antigenic changes in VP2 hypervariable domain appear to play a major role in
generation of the viral antigenic variants, larger
antigenic shifts through genetic recombination
and/or reassortment (mixing of the entire or
parts of the genes between two different viruses) are likely to occur in the case of mixed
infections (Hemida et al., 2019; Touzani et al.,
2019; Eterradossi and Saif, 2020).
Genetic reassortments can play a vital role in
the evolution of viruses with segmented genomes by creating viruses with novel genetic
and antigenic makeups (McDonald et al., 2016;
Jackwood et al., 2018). With further advancement of rapid molecular sequencing
techniques, a putative reassortant IBDV strain
from Europe was described for the first time in
1996 (Brown and Skinner, 1996). Since then,
several studies have described additional reassortment events in IBDVs from across the
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world (Yamaguchi et al., 1997; Kong et al.,
2004; Le Nouen et al., 2006; Wei et al., 2006;
Chen et al., 2012; Kasanga et al., 2013; Pikuła
et al., 2018). Majority of the genetic reassortments in the previous studies occurred between the very virulent and attenuated or classic
IBDV strains. Therefore, vaccination with liveattenuated IBDV strains is likely to be involved
in these reassortment events. However, the exact mechanisms governing the generation of
reassortant IBDVs and their clinical attributes
are yet to be elucidated.
In a series of previous studies, a number of
IBDV viruses were identified from the infected
poultry farms in Iran during 2005-2006 (Razmyar and Peighambari, 2008; Razmyar and
Peighambari, 2009; Ghaniei et al., 2011). Our
first study conducted by Razmyar and
Peighambari (2008 and 2009) using combination of reverse transcriptase-polymerase chain
reaction/restriction fragment length polymorphisms (RT-PCR/RFLP) and nucleotide
sequence analyses of the VP2 hypervariable region, revealed that the majority of Iranian
IBDVs (34 out of 37) belong to the very virulent IBDV genotypes (encoded by segment A)
(Razmyar and Peighambari, 2008; Razmyar
and Peighambari, 2009). Only 3 out of 37 studied viruses from Iran were identified as classic or standard IBDV genotypes based on their
VP2 gene (Razmyar and Peighambari, 2008).
Next, Ghaniei performed a second RTPCR/RFLP analysis on the VP1 (encoded by
segment B) of the previously identified viruses
using a primer set specific to the very virulent
IBDV strains (Ghaniei et al., 2011). Interestingly, one of the studied viruses, JRMP29IR,
which was originally identified as a classic
strain based on its VP2 gene could be identified
as a very virulent strain based on its VP1 gene.
Of note that, JRMP29IR was collected from an
IBDV-vaccinated farm with high mortality
(~15%) and clinical signs similar to infection
with very virulent IBDV strains (e.g., extensive
hemorrhage in cloacal bursa) (Razmyar and
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Peighambari, 2008). Collectively, these results
suggested that JRMP29IR may contain a mixed
or reassortant IBDV population.
Mixed infections may result in the emergence of recombinant or reassortant viruses
with novel antigenic and/or pathogenic
makeups (Patel et al., 2016; Jackwood et al.,
2018; Kim et al., 2018). For instance, viruses
with novel antigenic makeups can effectively
break through the host immunity developed
against the previous vaccinations (Jackwood,
2017; Jackwood et al., 2018). A better understanding of possible recombination and reassortment events within the virus genome and
their effects on the virus phenotype can help on
designing novel vaccines and therapeutics. The
aim of this study was to further characterize the
JRPM29IR strain in SPF chickens and evaluate
the presence of a mixed and/or reassortant
IBDV population in this strain. Further, we
evaluated the frequency of genomic recombination and reassortment in publicly available
IBDV genomes through bioinformatics, providing a strong evidence for the presence of numerous naturally occurring recombinant and
reassortant IBDV strains.

Materials and Methods
Viruses

The JRMP29IR strain was collected from a
broiler flock with 15% mortality, previously
vaccinated with a live-attenuated IBDV vaccine, located in Tabriz, Iran in 2006, as
previously described (Razmyar and Peighambari, 2008; Razmyar and Peighambari, 2009).
Aliquots of the JRMP29IR infected bursal tissues (100 mg) were obtained from the
Department of Avian Diseases, Faculty of Veterinary Medicine, University of Tehran,
Tehran, Iran. Bursal aliquots were homogenized using the sterile scalpel blades, mixed
with 5 mL sterile PBS, and filtered through sterile 0.2 µm filters to remove cell debris and
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bacterial contaminants. Chicken bursal passage
(CBP) subclones of JRMP29IR were collected
from the bursa of individual infected chickens
in this experiment.
Chicken Experiment and Ethics Statement

Three-week-old white leghorn SPF chickens
were obtained from the Razi Vaccine and Serum Research Institute (Karaj, Alborz, Iran).
The birds were divided into two subgroups of 5
chickens and kept inside large cages (700 cm2)
for the experiment duration. IBDV challenge
was performed at 3 weeks of age in SPF chickens via oral and intraocular routes (1:1 ratio,
v/v) with 600 µL of the JR-MP29IR bursal tissue homogenates per bird. The health status of
chickens was monitored twice daily throughout
the experiment. Chic-kens were humanely euthanized when they displayed severe symptoms
such as ruffled feathers, reluctance to move,
and respiratory distress. Blood and tissue collection from the euthanized or dead birds were
performed immediately after euthanasia or
daily checks.
Histopathology

Histopathology and bursal lesion scoring
were performed as previously described (Jackwood et al., 2011). Briefly, bursal tissues were
fixed in 10% neutral buffered formalin, sectioned at 4-5 μm and stained using hematoxylin
and eosin (H&E). Bursal tissues were scored
under a light microscope based on the extent of
lymphocyte necrosis, follicular depletion and
atrophy. The lesion scores from 0 to 4 indicate
relative degree of severity with the score of ‘0’
indicating no lesions, and scores of 1 to 4 indicating lesions in <25%, 25 to 50%, 50 to 75%
and >75% of the bursal follicles, respectively
(Jackwood et al., 2011).
RNA Extraction and RT-PCR

Bursal tissues were collected from the experimentally infected birds at 3-4 days postchallenge. The collected tissues were cut in half
and pressed onto Whatman FTA cards (GE
Healthcare Life Sciences, Pittsburgh, PA). Viral
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RNA was extracted from the FTA cards as previously described in detail (Michel and
Jackwood, 2017). Briefly, FTA card punches
were vortexed with 300 μL of TE buffer pH 8.0
with 1 mg/mL of proteinase K (Invitrogen,
Carlsbad, CA) and 0.5% SDS (Sigma-Aldrich,
St. Louis, MO) and incubated at 56°C for 60
min. The samples were lysed by adding 300 μL
of RNA Lysis Buffer (Zymo Research, Irvine,
CA) followed by incubation at room temperature for 9 min. Total RNA was extracted using
the Quick-RNA™ MiniPrep Kit (Zymo Research) according to the manufacturer’s
instructions, precipitated with 3 M sodium acetate buffer and ethanol, and resuspended in 25
μL of 90% dimethyl sulfoxide (Sigma-Aldrich)
(Michel and Jack-wood, 2017). The RT-PCR
was performed to amplify a 579-bp fragment of
the VP2 hypervariable region using the Qiagen
One-Step RT-PCR Reagents Kit (Qiagen, Valencia, CA) by 743-F (5´-GCC CAG AGT CTA
CAC CAT -3´) and 1331-R (5´-ATG GCT CCT
GGG TCA AAT CG-3´) primers, as previously
described (Michel and Jackwood, 2017). The
RT-PCR was performed at 48°C for 30 min and
95°C for 10 min, followed by 35 cycles of 95°C
for 30 s, 57°C for 90 s and 72°C for 90 s, with
a final extension at 72°C for 5 min (Michel and
Jackwood, 2017).
Nucleotide and Amino Acid Sequence Analysis

The RT-PCR products were extracted from
the agarose gel using Wizard SV Gel and PCR
Clean-Up System (Promega, Madison, WI) and
Sanger sequenced at the Molecular and Cellular
Imaging Center, The Ohio State University
(Wooster, OH). BioEdit (Version 7.2.5) was
used to assemble and translate the nucleotide
sequences into putative protein sequences. Nucleotide and amino acid ali-gnments were
performed with the NCBI GenBank reference
sequence UK661 (GB#: NC-004178) using the
ClustalW alignment option in MEGA-X (Version 10.0.5) (Kumar et al., 2018). Phylogenetic
analysis was carried out for 182 amino acids of
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the VP2 hypervariable region using the Maximum Likelihood method and JTT matrix-based
model with 1000 bootstrap replicates.
Recombination Analysis

A total of 113 nucleotides of complete IBDV
genomes were downloaded from the NCBI’s
Virus Database as of July 2020. To analyze the
putative intra-segment recomb-ination events,
segments A (n=58) and B (n=49) of each complete genome were separately aligned using
MUSCLE alignment option in MEGA-X (Version 10.0.5) (Kumar et al., 2018). To explore
the potential presence of inter-segment recombination events (i.e., genomic reassortments),
genomic sequences of segments A and B from
each strain was pooled (n=51) and MUSCLE
aligned before being used for the downstream
analysis. Putative recombination events were
identified using Recombination Detection Program 5 (RDP5; Version 5.5), which uses
multiple methods to minimize the false recombination discovery (Martin et al., 2015). All
genomes were analyzed using 3Seq, Chimaera,
SiScan, MaxChi, Bootscan, Geneconv, and
RDP detection methods (cut-off value
P≤0.001) and only the recombination events
predicted by at least six out of the seven methods were considered positive (Hoxie and
Dennehy, 2020).
Statistical Analysis

Statistical analysis and data visualization
were performed using GraphPad Prism version 8 (GraphPad Software, San Diego, CA).
The statistical analyses were performed
through one-way analysis of variance
(ANOVA) followed by Tukey’s post-hoc test. A
P-value less than 0.05 was considered significantly different.

Results
Pathogenicity of JRMP29IR in SPF Chickens

We determined and confirmed the pathogenicity of the JRMP29IR strain in 3-week-old
Iran J Vet Med., Vol 15, No 2 (Spring 2021)
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SPF chickens. At 2 days post-challenge, all infected chickens became depressed and showed
the typical signs of IBD including ruffled feathers, pasty vents, diarrhea and a reluctance to
move. Mortality started from the second day after challenge and reached to 60% at 4 days postchallenge (Figure 1). At necropsy, the bursas
from all birds were found enlarged and edematous, and either contained yellowish exudates
or varying degrees of hemorrhages, resembling
an intermediate clinical profile for JRMP29IR
between the variant, classic, or very virulent

Figure 1. Mortality of chickens inoculated with the
JRMP29IR strain. Three-week-old SPF chickens were
challenged with the JRMP29IR-infected bursal homogenates via the oral and intraocular routes, as described
in the materials and methods. Percent survival of chickens was calculated with 10 birds per group and the
counting number of birds that died each day for 5 days
post challenge.
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IBDV viruses. In addition, ecchymotic hemorrhages were observed on the mucosal surface at
the proventriculus and gizzard junction, on the
heart fats, and thigh muscles. Microscopic lesions including follicular lymphoid depletion
and atrophy with severe lymphoid necrosis
were observed in the bursal tissues of all infected chickens (Figure 2). The extent of
microscopic lesions in bursas also suggested an
intermediate
pathogenicity
index
for
JRMP29IR between the variant, classic and
very virulent IBDV strains.

Figure 2. Severity of histopathologic lesion in the bursa of
chickens inoculated with the JRMP29IR strain. Threeweek-old SPF chickens were challenged with the
JRMP29IR-infected bursal homogenates via the oral and intraocular routes, as described in the materials and methods.
The severity of the microscopic lesions in the bursa of infected chickens was graded based on the extent of the
lymphocyte necrosis, follicular depletion and atrophy, as described in the materials and methods. Histopathologic scores
for the very virulent (Ranch B), classical (STC), and subclinical variant (Variant E) viruses were obtained from a
previously published study by Jackwood et al. (2011) using
the same lesion scoring criteria. Dots represent the scores for
individual samples. Bars indicate mean ± standard deviation
for groups. *, P≤ 0.05 (one-way analysis of variance with
Tukey’s test).
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Molecular Characterization of JRMP29IR
from the Bursa of SPF Chickens

The RT-PCR amplified VP2 hypervariable
region from five individual chickens was sequenced. The evolutionary analysis by Maximum Likelihood method revealed that the five
sequenced samples belong to different lineages
of viruses apart from the original JRMP29IR
strain (Figure 3). Three out of 5 sequenced samples (CBP2-4) were closely related to the
typical European very virulent strain UK661.
Other two sequenced samples were more
closely related to the classical and variant
IBDV viruses (CBP1 and CBP5, respectively).
The amino acid sequences across the four major and minor hydrophilic peaks within the VP2
hypervariable region represented the profiles
identical to very virulent strains for the CBP2CBP4 (Figure 4). However, minor deviations
within these antigenic sites could be observed
for CBP1 (253N) and 5 (315S) compared to
their closest sequence relatives (1-UK and Variant OH, respectively). Collectively, our results
revealed that the original JRMP29IR strain is
likely to contain a mixture of viruses from three
different IBDV pathotypes (classical, variant,
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and very virulent) possibly due to a concurrent
mix infection in the original flock.
Strong Evidence for Recombination and Reassortment in Multiple IBDV Strains

We first analyzed the complete genomic sequences of the segments A (n=58) and B (n=49)
separately. Through these analyses, we identified a total number of 6 (8 strains) and 8 (15
strains) putative recombination events within
the segments A and B of the available IBDV sequences, respectively (Table 1). Next, we
attempted to analyze the putative reassortment
events in the available complete genome including both segments A and B of the IBDV
strains (n=44). Interestingly, 25 out of the 51
available complete IBDV genomes appeared to
contain reassortments between their genomic
segments which may result in formation of new
virus lineages (Figure 5). All the seven previously described reassortant IBDVs with
publicly available full-length genome were
successfully detected as recombinant using our
approach coupled with the most stringent criteria on RDP5 (Figure 5; marked with red
asterisks).

Figure 3. Phylogenetic analysis of VP2 hyper variable regions of the JRMP29IR and chicken bursal passaged (CBP).
The evolutionary history was inferred by using the Maximum Likelihood method and JTT matrix-based model with a total
of 182 amino acid positions and 1000 bootstrap replicates in MEGA X. GenBank accession numbers are followed by the
common name of each virus. CL, VV, and VAR after CBP# are short for classical, very virulent, and variant.
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Figure 4. Alignment of predicted amino acid sequence of the VP2 hyper variable domain of IBDV strains. Dots indicate
positions with amino acids identical to the reference UK661 strain. Major hydrophilic peaks are boxed with red lines, and
minor hydrophilic peaks are boxed with blue lines.

Figure 5. An overview of putative recombination and reassortment events occurred throughout the IBDV genome. A
total number of 51 complete IBDV genomes including both segments A and B were MUSCLE aligned in MEGA-X and
used to identify the putative recombination events in RDP5. (A) FastNJ Tree for the non-recombinant regions of the putative
recombinant strains. Red asterisks represent the previously described reassortant strains. (B) Visual representation of putative recombination events. Dark grey areas represent the nucleotides corresponding to the major recombination parents used
for generation of the FastNJ Tree.
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Table 1. Recombination events observed in multiple independent IBDV strains from GenBank.
Recombined
segment

Event number

Breakpoints

Number of
independent
isolates

Accession
numbers

Start

End

1

52

1498

1

MN218126.1

2

464

1481

1

KY020408.1

3

1442

2812

2

4

1443*

2126

2

5

1564

3216

1

MT179710.1

6

2292

2992

1

KU578102.1

1

48

682

1

KY020409.1

2

683*

1158

1

KY020409.1

3

1110*

1846

1

KU558700.1

4

1162

1758

1

KU558700.1

5

1247

1686

1

KT870149.1

Aa

KU578098.1
KU578100.1
^KT884452.1
KY020408.1

KU578103.1
6

1331

1644

3

B

KU578105.1
KU558698.1

b

7

1362

2794

1

MN218127.1
KU578099.1
KU578101.1

8

2312

2804

6

KU578103.1
KU578105.1
KU558698.1
KU558700.1

a and b= The total number of 58 and 49 complete genome sequences were used in this analysis for segments A and B,
respectively.
*= The actual breakpoint position is undetermined (it was most likely either overprinted by a subsequent recombination
event or off the edges of the analyzed sequence fragments).
^= The recombinant sequence may have been misidentified (one of the identified parents might be the recombinant)

Discussion
Genomic recombination and reassortment
are among major evolutionary processes
through which viruses maintain a healthy level
of diversity and adaptation. These processes allow the virus to evade the population
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bottlenecks (e.g., immune pressure) by maintaining a higher level of sequence
polymorphism. Both genomic recombination
and reassortment happen when a host is co- or
mixed-infected with more than one virus strain.
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Therefore, it is important to rule out the possibility of mixed infections before considering a
virus as a recombinant or reassortant strain. In
this study, we evaluated the possibility of
mixed infection in the JRMP29IR strain which
was previously flagged as a potential reassortant virus with the segments A and B from
classics and very virulent viruses, respectively.
We found that the JRMP29IR strain contained
viruses from three different IBDV pathotypes
(classic, variant and very virulent) suggesting a
mixed infection at the time of sampling. We
then explored the frequency of recombination
and reassortment events in all available IBDV
genomes using bioinformatics. Our results suggested that both recombination and
reassertment events are common among IBDV
strains and are likely to play an important role
in the evolutionary dynamics of IBDVs in nature.
Three out of five viruses from the bursa of
the experimentally infected SPF chickens in
this study were characterized as very virulent
IBDVs. This is while the original parental
JRMP29IR strain was shown to be closely related to a cell culture-adapted classical virus
strain (CU-1) and was presumably derived
from a live-attenuated vaccine strain. This is
not surprising because very virulent strains of
IBDV have been shown to replicate at a higher
rate in the infected animals causing the virus to
rapidly outcompete the other co-infecting virus
populations (Van Den Berg, 2000). Mixed infection situations can also provide a fertile
ground for generation of novel recombined or
reassortant genotypes which may be more fit
than their predecessors. Hence, it is not surprising to isolate novel reassortant viruses from the
JRMP29IR strain after subsequent passages
and/or purifying selections in animals or cell
cultures.
The JRMP29IR strain appears to have an intermediate pathotype between classic/variant
and very virulent IBDV strains as observed
Iran J Vet Med., Vol 15, No 2 (Spring 2021)
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based on the mortality, clinical signs, and histopathology. This is in contrast with the findings
that most identified viruses from the bursas of
infected chickens belonged to the very virulent
genotype. This discrepancy seems to be related
to the ability of co-infecting viral populations
to affect the function of the parental virus
through a phenomenon known as competitive
inhibition (Whitaker-Dowling and Youngner,
1987). Although the dynamics of co-infecting
virus populations in the infected chickens cannot be easily determined, our genotyping on the
parental and chicken bursal passaged viruses
suggest that the population composition in
JRMP29IR has shifted toward the very virulent
IBDV strains in the chicken bursas. A naturally
occurring reassortant IBDV combined of segment A from a very virulent serotype 1 and
segment B from a non-pathogenic serotype 2
viruses was shown to be less pathogenic in SPF
chickens compared to the typical very virulent
IBDV strains (Jackwood et al., 2011). Naturally occurring reassortant IBDVs with either
segment A or B from attenuated strains from
serotype 1 were also shown to replicate at a
slower pace in cell cultures or be less pathogenic for chickens compared to their very
virulent parental viruses (Le Nouen et al., 2006;
Wei et al., 2006). However, the exact mechanisms governing the reduced pathogenicity of
very virulent IBDV strains in the host co-infected with a classic or variant IBDVs is yet to
be determined.
Both recombination and reassortment events
seem to frequently occur in IBDVs. Recombination may be the result of lineage-specific rate
variation and/or convergent evolution but can
also be related to sequencing and alignment errors, mixed infection and contamination, and/or
improper bioinformatics analysis (Hoxie and
Dennehy, 2020). Therefore, multiple steps
should be taken to reduce the chance of incorrect recombination detections. One of the main
steps is to ensure the samples do not contain
multiple virus genotypes due to potential mixed
163
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infections. In the case of mixed infection, samples must be carefully plaque purified prior to
sequencing. Although such precautions cannot
be done for the sequences obtained from the
online repositories, careful bioinformatics analyses can greatly minimize possible errors
(Hoxie and Dennehy, 2020). Herein, we set a
stringent criterion for the recombination detection and only reported the events consistently
detected by at least 6 out of the seven detection
methods in RDP5. Further, multiple recombination events were repeatedly detected in more
than one independent strain, making it less
likely that the event is spurious or a consequence of improper sequence analysis or
experimental techniques (Table 1). We used a
modified alignment containing both genomic
segments from each strain to explore the presence of reassortment events in IBDVs. We
found numerous sequences with similar recombination breakpoints coinciding with the intersegment linker regions in our alignment dataset, suggesting reassortments between the
two genomic segments. In addition, our analysis was able to correctly identify all the seven
previously reported reassortant IBDV strains
from 1996 to 2013 (Brown and Skinner, 1996;
Yamaguchi et al., 1997; Kong et al., 2004; Le
Nouen et al., 2006; Wei et al., 2006; Chen et
al., 2012; Kasanga et al., 2013). Altogether, this
result provides a strong evidence for high frequency of genomic reassortments in circulating
IBDV strains.

Conclusion

In conclusion, the parental JRMP29IR strain
contains multiple IBDV genotypes and appears
to be derived from a flock undergoing a mixed
IBDV infection. Subsequent passages of the
JRMP29IR can facilitate the generation of true
recombinant or reassortant viruses which can
be effectively purified through virus plaque purification. Recombination and reassortment
events are very common among naturally occurring IBDVs, suggesting that they are
evolutionarily beneficial for the virus. Future
studies should focus on generation of the laboratory reassortant IBDVs which can be useful
for engineering the future live-attenuated IBDV
vaccines.
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ﺗﻌﯿﯿﻦ ﻫﻮﯾﺖ ﻣﻠﮑﻮﻟﯽ و ﺑﺎﻟﯿﻨﯽ ﯾﮏ ﺳﻮﯾﻪ اﯾﺮاﻧﯽ وﯾﺮوس ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ
ﺣﺎوي ﺟﻤﻌﯿﺖ ﻣﺨﻠﻮط وﯾﺮوﺳﯽ
اﻣﯿﺮ ﻗﺮﺑﺎﻧﯽ ،ﺳﯿﺪ ﻣﺼﻄﻔﯽ ﭘﯿﻐﻤﺒﺮي* ،ﺟﻤﺸﯿﺪ رزم ﯾﺎر
ﮔﺮوه ﺑﯿﻤﺎريﻫﺎي ﻃﯿﻮر ،داﻧﺸﮑﺪة داﻣﭙﺰﺷﮑﯽ ،داﻧﺸﮕﺎه ﺗﻬﺮان ،ﺗﻬﺮان ،اﯾﺮان
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ﭼ ﮑ ﯿﺪ ه
زﻣﯿﻨﻪ ﻣﻄﺎﻟﻌﻪ :ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ ﭘﺮﻧﺪﮔﺎن ،ﯾﮏ ﺑﯿﻤﺎري ﺑﺴﯿﺎر واﮔﯿﺮدار و ﺳﺮﮐﻮبﮐﻨﻨﺪة ﺳﯿﺴﺘﻢ اﯾﻤﻨﯽ در ﻣﺮغﻫﺎي ﺟﻮان اﺳﺖ ﮐﻪ ﺑﻪوﺳﯿﻠﮥ وﯾﺮوس
ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ اﯾﺠﺎد ﻣﯽﺷﻮد .وﯾﺮوس ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ ﺣﺎوي ژﻧﻮم دوﻗﻄﻌﻪاي از ﻧﻮع  RNAدو رﺷﺘﻪاي اﺳﺖ .ﭘﺪﯾﺪة ﻧﻮﺗﺮﮐﯿﺒﯽ و ﯾﺎ ﺑﺎزآراﯾﯽ ژﻧﺘﯿﮑﯽ
در ﺧﻼل ﻋﻔﻮﻧﺖ ﻫﻤﺰﻣﺎن ﺑﺎ دو ﯾﺎ ﭼﻨﺪ ژﻧﻮﺗﯿﭗ از اﯾﻦ وﯾﺮوس ﻣﺤﺘﻤﻞ ﻣﯽﺷﻮد.
ﻫﺪف :اﻫﺪاف اﯾﻦ ﻣﻄﺎﻟﻌﻪ ،ﺷﺎﻣﻞ ﺗﻌﯿﯿﻦ ﻫﻮﯾﺖ ﯾﮏ ﺳﻮﯾﻪ از ﻗﺒﻞ ﺷﻨﺎﺳﺎﯾﯽﺷﺪه وﯾﺮوس ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ ) (JRMP29IRدر ﻣﺮغﻫﺎي ﻋﺎري از ﭘﺎﺗﻮژن
ﻣﺸﺨﺺ ) ،(SPFارزﯾﺎﺑﯽ ﺣﻀﻮر ﺟﻤﻌﯿﺖﻫﺎي ﻣﺨﺘﻠﻒ وﯾﺮوﺳﯽ و ﯾﺎ واﺟﺪ ﺑﺎزآراﯾﯽ ژﻧﺘﯿﮑﯽ در اﯾﻦ ﺳﻮﯾﻪ ،و آزﻣﺎﯾﺶ ﻓﺮاواﻧﯽ ﻧﻮﺗﺮﮐﯿﺒﯽ ﯾﺎ ﺑﺎزآراﯾﯽ ﻫﺎي ژﻧﻮﻣﯽ در
وﯾﺮوس ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ ﺑﻪوﺳﯿﻠﮥ ﺑﺮرﺳﯽ ﺗﻮاﻟﯽ ژﻧﻮﻣﯽ ﻣﻮﺟﻮد در ﺑﺎﻧﮏ ﺟﻬﺎﻧﯽ ژن از ﻃﺮﯾﻖ روشﻫﺎي ﺑﯿﻮاﻧﻔﻮرﻣﺎﺗﯿﮏ ﺑﻮده اﺳﺖ.
روش ﮐﺎر :ﻣﺮغﻫﺎي  SPFاز ﻃﺮﯾﻖ ﺧﻮراﮐﯽ و داﺧﻞ ﭼﺸﻤﯽ ﺑﺎ ﺳﻮﯾﮥ  JRMP29IRﭼﺎﻟﺶ داده ﺷﺪﻧﺪ .ﺑﺎﻓﺖ ﺑﻮرس ﭘﺮﻧﺪﮔﺎن ﺑﯿﻤﺎر ﺑﺮاي ارزﯾﺎﺑﯽﻫﺎي
ﻫﯿﺴﺘﻮﭘﺎﺗﻮﻟﻮژﯾﮑﯽ و ﺗﻌﯿﯿﻦ ﺗﻮاﻟﯽ ژﻧﻮم وﯾﺮوﺳﯽ ﭘﺲ از اﻧﺠﺎم واﮐﻨﺶ زﻧﺠﯿﺮهاي ﭘﻠﯿﻤﺮاز روﻧﻮﯾﺴﯽ ﻣﻌﮑﻮس اﺳﺘﺨﺮاج ﮔﺮدﯾﺪ .ﻧﻮﺗﺮﮐﯿﺒﯽ و ﺑﺎزآراﯾﯽﻫﺎي ژﻧﺘﯿﮑﯽ
ﻣﺤﺘﻤﻞ ﺗﻮﺳﻂ ﻧﺮماﻓﺰار  Recombination Detection Program 5ارزﯾﺎﺑﯽ ﺷﺪﻧﺪ.
ﻧﺘﺎﯾﺞ :ﻧﺘﺎﯾﺞ ﺗﻌﯿﯿﻦ ﺗﻮاﻟﯽ ژﻧﻮﻣﯽ وﯾﺮوسﻫﺎي ﺟﺪاﺷﺪه از ﺑﻮرسﻫﺎي ﻋﻔﻮﻧﯽ ﻣﺮغﻫﺎ ،ﺣﺎﮐﯽ از آن ﺑﻮد ﮐﻪ ﺳﻮﯾﮥ  JRMP29IRﺣﺎوي وﯾﺮوسﻫﺎﯾﯽ از ژﻧﻮﺗﯿﭗﻫﺎي
ﮐﻼﺳﯿﮏ ،وارﯾﺎﻧﺖ و ﺑﺴﯿﺎر ﺣﺎد ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ اﺳﺖ .از ﻃﺮﯾﻖ ﺑﯿﻮاﻧﻔﻮرﻣﺎﺗﯿﮏ ،ﺗﻌﺪاد ﻗﺎﺑﻞ ﺗﻮﺟﻬﯽ از وﻗﺎﯾﻊ ﻣﺤﺘﻤﻞ ﻧﻮﺗﺮﮐﯿﺒﯽ و ﺑﺎزآراﯾﯽ ،ﮐﻪ ﺑﻪ ﻧﻈﺮ ﻣﯽرﺳﺪ
ﺑﻪﻃﻮر ﻃﺒﯿﻌﯽ در ژﻧﻮم وﯾﺮوس ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ اﺗﻔﺎق اﻓﺘﺎدهاﻧﺪ ،ﺷﻨﺎﺳﺎﯾﯽ ﮔﺮدﯾﺪ.
ﻧﺘﯿﺠﻪﮔﯿﺮي ﻧﻬﺎﯾﯽ :ﺑﻪ ﻧﻈﺮ ﻣﯽرﺳﺪ ﮐﻪ ﺳﻮﯾﻪ  JRMP29IRاز ﮔﻠﻪاي در ﺧﻼل ﻋﻔﻮﻧﺖ ﻫﻤﺰﻣﺎن ﺑﺎ ﭼﻨﺪﯾﻦ ژﻧﻮﺗﯿﭗ وﯾﺮوس ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ ﺟﺪا
ﺷﺪه اﺳﺖ .ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻓﺮاواﻧﯽ ﺑﺎﻻي ﻧﻮﺗﺮﮐﯿﺒﯽ و ﺑﺎزآراﯾﯽ در ﺑﯿﻦ وﯾﺮوسﻫﺎي ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ ﺑﻪ ﻧﻈﺮ ﻣﯽرﺳﺪ ﮐﻪ اﯾﻦ وﻗﺎﯾﻊ ﻧﻘﺶ ﭘﺮ اﻫﻤﯿﺘﯽ در ﺗﮑﺎﻣﻞ اﯾﻦ
وﯾﺮوسﻫﺎ در ﮔﺬر زﻣﺎن اﯾﻔﺎ ﻣﯽﮐﻨﻨﺪ.
واژهﻫﺎي ﮐﻠﯿﺪي :ﺑﺎزآراﯾﯽ ،ﺗﻌﯿﯿﻦ ﻫﻮﯾﺖ ﻣﻠﮑﻮﻟﯽ ،ﻧﻮﺗﺮﮐﯿﺒﯽ ،وﯾﺮوس ﺑﯿﻤﺎري ﺑﻮرس ﻋﻔﻮﻧﯽ
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