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Abstract

Background: Infectious Bursal Disease (IBD) is a highly

infectious disease which causes huge economic losses to the poultry
industry due to the direct impact of the illness and indirect
consequences such as decreasing the general immunity of the

flock, leaving it naive to other diseases. In Iraq, IBD is

highly prevalent despite vaccination programs, yet studies

on sequence diversity of the causative virus are still rare.

Methods: A sample from Bursa of Fabricius from an IBD outbreak in a
flock in the city of Najaf in Iraq was smeared on an FTA card.
Amplicons of targeted regions in VP1 and VP2 genes were

generated and sequenced. Sequences were then compared with other
local and global sequences downloaded from GenBank

repositories. Sequence alignment and DNA sequence analyses were
achieved using MUSCLE, UGENE and MEGAX software. The molecular
clock and

sequence evolutionary analyses were applied using MEGAX tools.
Results: The strain sequenced in this study belongs to a very virulent
Infectious Bursal Disease Virus (vwwIBDV) as the DNA and phylogenetic
analysis of VP1 and VP2 gene sequences showed a mutual

clustering with similar sequences belonging to vwIBDV genogroup 3.
Analyses of the hyper variable region of VP2 gene (hvVP2) of IBDV
isolates from Iraq indicates a presence of sequence

diversity. Interestingly, the two vaccine strains Ventri IBDV Plus and
ABIC MB71 that showed the highest sequence similarity to the local
isolates in the hvVP2 region are not used in vaccination

routine against IBDV in Iraq.

Conclusion: Sequences of wIBDV in Iraq are diverse. Remarkably,
some of the available vaccine strains show high sequence similarity
with local strains in Irag; however, they are not included in the routine
vaccination programs. Analysis of more samples involving more
geographical regions is needed to draw a detailed map of antigenic
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diversity of IBDV in Iraq.
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- N
(777578 Amendments from Version 1

Figures 1 and 2 were changed to the standard phylogenetic tree format replacing the previous circular trees. Changes in
text: In Results under Sequencing and phylogeny of VP1 targeted region. The text “a monophyletic group” On the fourth line
was changed to “the same branch”. In discussion a text in line 16 changed from “New York City” to “one from the state of New
York”. Text in line 19 was deleted “This result suggests a genetic reassortment. Such genetic modification is not uncommon:
previous studies refer to similar genomic rearrangements in IBDV (Ibdyv, Jackwood and Sommer-wagner, 2011; Michel and
Jackwood, 2019)." A text was added to the conclusion section “, in order to pave the way for accurate genotyping and for
further in vivo experiments to determine the most successful vaccine.”. These edits were made in response to the reviewers'
comments. Also, a correction to the name of second author was also done.

Any further responses from the reviewers can be found at the end of the article

Introduction

Infectious Bursal Disease (IBD), or Gumboro, is a highly contagious disease of poultry, characterized by severe immune
suppression (Van Den Berg, 2000). The birds surviving IBD suffer from poor feed conversion rate, poor growth,
decreased egg production and quality, and reduced efficiency of vaccines. The economic losses due to IBD are not limited
to the direct effect of the diseases, but also from decreasing the overall immune status of the flock leading it to be
vulnerable to other diseases characterized by a high mortality rate such as Newcastle disease and Infectious Bronchitis.
This immune suppression is a result of damage of Bursa of Fabricius, the target of IBDV, causing severe suppression to
humoral and cellular immunity in the early stages of the bird’s life (Rautenschlein ez al., 2002).

The causative agent of Infectious Bursal Disease (IBD) belongs to a viral family called Birnaviridae genus avibirnavirus,
characterized by a double-stranded RNA viral genome consisting of two segments: the larger segment A and the smaller
one B (Dobos ez al., 1979). Segment A, known to contain the open reading frame (ORF), encodes for the capsid protein
that comprises the epitope, which in turn interact with protective antibodies (By Kevin J. Fahey, 1989: von Einem et al.,
2004; Coulibaly ez al., 2005), while segment B hosts the ORF VP1, which is responsible for viral replication and, hence,
pathogenicity of the virus (von Einem et al., 2004).

This virus is prone to frequent genomic recombination events, genetic reassortments of the RNA segments, and mutations
that could allow changes in the virulence and most likely the antigenicity of the virus (Jackwood ez al., 2008; Ibdv,
Jackwood and Sommer-wagner, 2011).

Infectious Bursal Disease Virus (IBDV) serotypel is the most important serotype and it can be classified into three
subgroups according to their virulence: sub-clinical (scIBDV), classical virulent (cvIBDV) and vey virulent (vvIBDV)
(Bergeral.,2004). However, antigenic drift, shift and even a single nucleotide polymorphism (SNP) have shown to play a
major role in creating antigenically different subtypes. These changes have been found to affect a specific region in the
VP2 gene called hyper variable region (hvVP2) (Bayliss ez al., 1990; Eterradossi ez al., 1997, 1998; Brandt er al., 2001).

Despite the vaccination programs that have been applied across the world, outbreaks in poultry flocks are still frequent,
making IBD one of the most important diseases that hampers the poultry industry worldwide. In Iraq, although
vaccination is practiced, the infection rate is high. Furthermore, studies on sequence diversity of the genes VPI and
VP2, as well as the link between the hvVP2 region of local strains with available vaccine strains, are limited. Here, we
analysed the pathogenicity and the sequence diversity of the antigenic determinant (VP1 and hvVP2) of an isolated strain
from Najaf city and all other sequences from Iraq isolated from other regions of the country available in GenBank.
Furthermore, Iraqi sequences were compared to global and vaccine strains of IBDV.

Methods

Ethical approval

The study was conducted according to ethical guidelines approved by the committee of ethical approvals of Faculty of
Veterinary Medicine, University of Kufa, BEC-20 in Jan_2019.

Sample collection
A newly died bird from an outbreak of IBDV from a flock in An-Najaf province, was post-mortem examined and the
enlarged Bursa of Fabricius was incised and examined.

RNA extraction
Bursa contents was sampled on (FTA) card (Whatman® FTA® card technology) with four sample areas per card containing
cell wall lytic enzymes, protein denaturing agents and inhibit the nucleases effects on nucleic acids (Ali er al., 2017).
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RNA samples on the FTA card were then sent to AniCon® Labor GmbH (MuehlenstraBe 13a 49685 Hoeltinghausen,
Germany), where the extraction of the IBDV RNA from FTA card was performed using Kylt® RNA/DNA Purification
Kit according to the manufacturer’s protocol.

Sequencing of targeted gene region of VP7 and VP2 gene and assigning GenBank accession number
Reverse transcription, PCR amplification and Sanger sequencing of targeted regions of VPI gene and hvVP2 were
performed in AniCon® Laboratories. The partial VP and VP2 gene sequences performed in this study were deposited in
the GenBank database under accessions MW020533 and MW020534, respectively.

VP1 and hvWP2 Sequences acquisitioned from GenBank

BLASTn search (Altschul er al., 1990) was performed against the NCBI database to show the closest matches to the
sequenced ones in this study. NCBI BLASTn search results of partial VP1 and partial VP2 sequences and other sequences
of vvIBDV from other countries were obtained from GenBank repositories (Extended Data: Table 1) (Abbas, 2021).

A similar approach was used to get sequences for hvVP2. Sequences of the VP2 gene of known vaccine strains routinely
used in the preparation of vaccines against IBDV worldwide, and available sequences of hvVP2 from Iraq, were also
downloaded (Extended Data: Table 1).

Multiple sequence alignment and sequence manipulation

The IBDV VP1 targeted region obtained in this study was aligned with other similar sequences downloaded from
GenBank repositories using MUSCLE (Edgar and Edgar, 2004), alignments were manually edited, gaps removed
and the percentage of pairwise sequence similarity matrices (Extended data: ABIC_andVentriVaccin_IraqV2_DNA _
percentSimilrity_matrix.csv) (Abbas, 2021), were generated using the UGENE pipeline version 35.1 (Okonechnikov
et al.,2012). This was also conducted for the hvVP2 nucleotide sequences.

Inferring the evolutionary history and time tree

The evolutionary history was obtained by the neighbour-joining (NJ) method (Saitou and Nei, 1987), with 1000 bootstrap
replicates (Felsenstein, 1985), while the evolutionary pairwise distances (Extended data: IBVD_VP1_NCBI_Hits_
OurVP1.txt), (Abbas, 2021), were calculated by Maximum Composite Likelihood Method (MCL) using Tamura-Nei
model (Tamura and Nei, 1993).

Heuristic search of initial tree was obtained automatically by applying Neighbour-Joining and BioNJ to a matrix of
pairwise distances estimated by the MCL method, then the topology was selected with superior log likelihood value.

For hvVP2 sequences of Iraq and vaccine strains, a time-tree to the NJ phylogenetic tree was inferred using the RelTime
method (Tamura ez al., 2012; Tamura, Tao and Kumar, 2018). The time-tree was estimated using 31 correction restraints and
all ambiguous positions were removed for each sequence to give a final dataset of 309 sites. Molecular phylogenetic analysis
was also performed using the maximum-likelihood method based on the Tamura-Nei model (Tamura and Nei, 1993).

All DNA sequence analyses and evolutionary inferences were performed using MEGAX software version 10.1.8 (Kumar
et al., 2018) and the plotting of datasheets to the phylogenetic tree was achieved by iTOL web application (Letunic and
Bork, 2019) (Extended data: TextFileToShow_GRADIENT _iTol_VP2) (Abbas, 2021).

Results

Using molecular methods, we analysed the sequences of the VPI gene and hvVP2 sequenced in this study, and other
sequences conducted in previous studies in order to assign the IBDV in Iraq to its pathogenic group and predict the best
vaccine strain(s) that could be used to evoke the highest possible protection level against IBDV.

Sequencing and phylogeny of VP1 targeted region

A 544 bp targeted fragment (244-787 bp) of VP1 gene was sequenced. This sequence, along with other sequences that
showed similarity by BLASTn search, were aligned and a phylogenetic tree was constructed using NJ method to reveal
the relatedness of the isolated sequence to the existing genogroups/pathogroups of IBDV, regional and worldwide. The
VP1 region sequenced in this study clustered in the same branch with strains belonging to vvIBDV genogroup 3: a strain
isolated from Kuwait, two strains from Iraq, and one from New York, USA (Figure 1). The analysis also showed that the
most similar sequences from neighbouring countries other than Kuwait were isolated from Jordan.

Sequence analyses and phylogeny of hvVP2 targeted region
A 522 bp segment of hvVP2 region between positions 673-1194 bp of VP2 was amplified and sequenced. BLASTn
search against NCBI repositories revealed high similarity to sequences of the vvIBDV VP2 gene. Sequence alignment
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Figure 1. A phylogram tree of VP1 gene. The partial VP1 sequence achieved in this study was clustered in a
branch with two sequences from Iraqg, one sequence from Kuwait and one from New York, USA. Those sequences
were sequenced in previous studies (shaded in green colour). The evolutionary history was inferred by using the
Maximum Likelihood method and Tamura-Nei model (Tamura and Nei, 1993). The bootstrap consensus tree inferred
from 1000 replicates (Felsenstein, 1985)is taken to represent the evolutionary history of the taxa analysed. Branches
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next
to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using the Tamura-Nei model (Tamura and Nei, 1993)
and then selecting the topology with superior log likelihood value, the tree was drawn to scale. This analysis involved
145 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. There were a total of 528 posi-
tions in the final dataset. The phylogenetic data analyses were performed using MEGAX platform (Kumar et al., 2018)

(Extended data: IBVD_VP1_NCBI_Hits_OurVP1.txt) (Abbas, 2021).
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Figure 2. Phylogenetic analyses of hvWP2 region of the sequence conducted in this study with other sequences
worldwide. Our sequence was clustered in a single branch with other Iraqi sequences collected in 2017 from
previous study (green shaded), while other sequences were clustered in different branches. Remarkably, a group of
sequences from the north of Iraq were clustered with vaccine strains (red shaded). The evolutionary history was
predicted using the Maximum Likelihood method and Tamura-Nei algorithm (Tamura and Nei, 1993). The tree with
the highest log likelihood (—11351.20) is shown. The tree was drawn to scale, with branch lengths measured in the
number of substitutions per site. This analysis involved 122 nucleotide sequences and a total of 3,261 positions were
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and phylogenetic clustering showed that our sequence paired in a monophyletic group with a sequence isolated from Iraq
in 2017 (Figure 2, green shaded). On the other hand, a cluster of sequences from Kurdistan region in northern Iraq (blue
shaded) were branched from our sequence (Figure 2). These sequences were isolated in previous studies in 2012.

KC352669 kurdis2012
KC352668 kurdis2012
JX974582 Sulaim2012
KC352659 kurdis2012
KC352660 kurdis2012
JX974583 Sulaim2012
I: MH676060 Sulaim2018
MH676059 Sulaim2018
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MF 142534 422Iraq 2017
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AY918948 Lukert vacc 2005

1979 1989 1999 2009 2019 Divergence Time

Figure 3. Molecular clock and time tree of sequence divergence of hvVP2 region of Iragi sequences and
vaccine strains. The molecular time tree was computed using 31 calibration constraints on a phylogenetic tree
constructed using Neighbour-Joining method. This analysis involved 31 DNA sequences. All ambiguous sites were
omitted for each sequence pair (pairwise deletion option). There are a total of 309 locations in the final dataset.
Evolutionary analyses were performed using RelTime (Tamura et al.,, 2018) in MEGA X (Kumar et al., 2018). The tree
was scaled to the molecular divergence time. In general sequences from central Iraq were clustered in a monophy-
letic group (shaded in green colour), while those of the Kurdistan region showed different grouping (blue and red
colour shading).
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However, a sequence isolated from Iraq in 2017 (named 423) was clustered with others from China, and others isolated
from Kurdistan (Figure 2, red shading) were clustered with sequences of vaccine strains (Figure 2). Such discrepancies
shed light on possible genetic reassortments and mutations in the genome of vvIBDV, especially in an important region
that acts as an epitope and therefore interacts with antibodies against the virus.

Sequence divergence and molecular clock of Iraqi VP2

The putative sequence divergence proposed by previous analyses motivated us to challenge the possibility of the presence
of sequence divergence in the VP2 gene within strains. NJ phylogenetic tree grouped our sequence with other sequences
from Diyala in central Iraq isolated in 2018 and 2017 (Figure 3, green shaded), while other sequences from Kurdistan,
sequenced in 2012 and 2018, were clustered separately (Figure 3, blue shaded). However, a group of sequences from
Kurdistan isolated in 2012 clustered with a vaccine strain D78 Intervet (Figure 3, red shaded). Such clustering may
indicate an origin of infection from a vaccine strain (Figure 3).

Hence, it is worthwhile to predict the time these different groups diverged. The molecular clock analyses suggest that the
divergence of the sequences from central Iraq and those of Kurdistan region occurred in 2008. Interestingly, sequences
from Kurdistan which clustered with vaccine strains showed a divergence time similar to that of a live attenuated vaccine
strain D78 Intervet (Figure 4).

Prediction of the closest vaccine strain to the Iraqi IBDV local strains

In order to assess which vaccine strain or strains have the most similar hvVP2 sequence to the Iraqi vvIBDV strains, a
phylogenetic analysis and DNA sequence similarity analysis approach was conducted. We speculated that such an
approach could predict the best vaccine strain that might be applied in control measures against IBDV.

Tree scale: 0.1 ——mm———«——
AJ586968 V877 vacc 2003

AF498631 Bursine2 vacc2002

AF498632 Bursine Plus vacc 2002

AY918948 Lukert vacc 2005

AJ586967 Bursaplex vacc 2003

0.47 MH329181 CEVAC2512 Winterfield vacc 2018

B AJ586966 Nobilis Gumboro 228E InterVet vacc 33
b 065 | KC352661 kurdis2012

—
Lo
1
O o082 — L «t KC352662 kurdis2012
P KC352667 kurdis2012
(O ﬂ{

KC352664 kurdis2012
: KC352663 kurdis2012
| ES—

bootstrap

03 —

AJ586963 D78 InterVet vacc 2003

MN480452 Erbil2019
KJ547670 Ventri IBDV Plus vacc2014

—
AF457103 ABIC MB71 vacc 2001
MF142535 423Iraq 2017

,7 lgKufa Najaf2019

L LC498531 Diyala2018
*L MF142534 422lraq 2017
g T MN464103 Diyala 2018
KC352666 kurdis2012 ]

I

MH676061 Sulaim2018

JX974583 Sulaim2012

{ —{ MH676060 Sulaim2018
—{ MH676059 Sulaim2018

KC352659 kurdis2012

— KC352660 kurdis2012

JX974582 Sulaim2012
KC352669 kurdis2012
KC352668 kurdis2012

Figure 4. A NJ phylogenetic tree of hvVP2 of Iraqi IBDV strains and sequence similarity heatmap to known
vaccine strains. The evolutionary history was inferred by means of the Neighbor-Joining method (Saitou and Nei,
1987). The optimal tree with the sum of branch length was 0.38665371 was generated. The replicate test of trees in
which the associated sequences clustered together in the bootstrap test of 1,000 replicates are shown. Maximum
Composite Likelihood method was used to infer the evolutionary distances and are in the units of the number of base
substitutions per site. This analysis involved 31 nucleotide sequences. Ambiguous positions were removed for each
pair of sequences. The final dataset contains 309 positions. A heatmap of sequence similarity matrices was plotted
using web version of iTOL software (Letunic and Bork, 2019) (Extended data: TextFileToShow_GRADIENT_iTol_VP2),
(Abbas, 2021). The heatmap demonstration of DNA sequence similarity plotted colour coded column next to the
sequences names as red (the most similar) to blue colour (the least similar). The closest vaccine strains to Iraqi
sequences are shaded in blue.
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Figure 5. High sequence similarity between hvVP2 sequences from Iraq and two vaccine strains. Sequences of
VP2 of vaccine strains Ventri IBDV Plus and ABIC MB71 (blue shaded) showed =>96% sequence similarity (connection
lines) to the most sequences from Irag. Green lines indicating 96% of sequence similarity shown in, blue lines
indicating 97% similarity and 98% (red lines) (Extended data: TextFileToShow_connection_iTol_VP2) (Abbas, 2021).
iTOL web application (Letunic and Bork, 2019) was used to draw sequence similarity data matrix as radial connection

lines (values of 96% and above are only shown) to a NJ phylogenetic tree.

This analysis determined that the highest sequence similarity to Iraqi hvVP2 was found in two vaccine strains named
Ventry IBDV Plus and ABIC MB71. This showed by both phylogenetic analysis of NJ tree clustering (Figure 4) and the
sequence similarity of more than 96% (Figure 5).

Discussion
IBD is a major hurdle in the poultry industry worldwide. Besides its huge direct economic impact, indirect losses are

considerable as it reduces productivity and makes entire flocks vulnerable to a number of serious illnesses (Cosgrove,
1962; Van Den Berg, 2000; Eterradossi and Saif, 2017; Michel and Jackwood, 2017). The most effective way to
control this disease is via vaccination. Although vaccination programs are applied, infection with IBDV is still frequent
(Mahgoub, 2012). Iraq is no exception — despite vaccination programs, there continues to be a high infection rate in
poultry. However, studies that involve sequencing of targeted regions of IBDV or comparison to the vaccine strains are
limited. Therefore, we conducted sequencing of targeted regions of important IBDV genes related to the virulence of the
virus (VPI gene), as well as a comprehensive sequence analysis of 47vVP2 region that encodes for the viral epitope that
evokes immune response against the virus, using available Iraqi sequences and known vaccine strains.

The phylogenetic analysis of VPI gene conducted in this study revealed that our sequence clustered with vvIBDV

sequences from previous studies (Michel and Jackwood, 2017; Michel and Jackwood, 2019). This finding suggests that
the IBDV strain sequenced in this study belongs to a vvIBDV based on molecular evidence (Islam er al., 2012).
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In order to identify which genogroup this isolate belongs to, phylogenetic analyses of hvVP2 region were conducted. This
analysis showed that our sequence grouped with other vvIBDV sequences belonging to genogroup 3. However, a
sequence from Iraq is the only sequence that shared the same monophyletic group with our isolate, while the sequences
from Kuwait and one from the state of New York seen in VP1 phylogenetic analysis did not show high similarity with our
sequence in this genomic region, suggesting mutations are frequent in the hvVP2 region, as seen in previous studies
(Michel, Kimber and Jackwood, 2019).

Meanwhile, other hvVP2 sequences from Iraq, especially those isolated from Kurdistan region (North of Iraq), showed a
dispersal aggregation in the phylogenetic tree, suggesting genetic drift and possible mutations affected this protein coding
region (Ali Khan er al., 2019). Despite this sequence variation between the results of the VP1 and hvVP2 phylogenetic
analyses, both genic regions were clustered with vvIBDV isolates across the world, suggesting that our isolate is a
vvIBDV strain.

Sequences of the hvVP2 region isolated from Iraq have shown a diverse clustering (Figure 3). While sequences from
central Iraq clustered in the same clade, sequences from Kurdistan clustered in different clades indicating possible
sequence divergence. Interestingly, a group of sequences from Kurdistan region were clustered with vaccine strains
(Figure 3), especially vaccine strain D78 Intervet, which is used in the preparation of a live attenuated vaccine against
Gumboro (Owoade er al., 2004; Arnold er al., 2012). It has been shown that the live attenuated vaccines may cause
pathogenic and clinical manifestations in Bursa of Fabricius (Miiller ez al., 2012). This result might suggest either an
infection of Bursa of Fabricius by the vaccine strain or it might propose a misdiagnosed infection of the flock, as
sometimes live attenuated vaccines lead to clinical signs of infection with Bursa of Fabricius (Miiller er al., 2012;
Camilotti er al., 2016). The classification based on sequencing of viral strains is crucial to track the evolution and changes
in virulence or antigenicity of such pathogens (Jackwood ez al., 2008; Ibdv, Jackwood and Sommer-wagner, 2011).

Identitying the sequences of field strains and comparing them to the available vaccine strains could be an important step in
order to employ the most suitable vaccine strain in immunization programs against the circulating local virulent strains of
IBDV. The analyses conducted in this study determined that the two vaccine strains (Ventri IBDV Plus and ABIC MB71)
have the highest sequence similarity of viral epitope to the local virulent strains (Figure 4 and Figure 5). However, these
vaccine strains have not yet been introduced in vaccination programs in Iraq. Sequence diversity of hvVP2 and lack of
evidence of which vaccine strains show similarity to local circulating strains might explain why vaccination programs are
failing in many parts of the country.

In this study we showed the diversity of the hyper variable region in the VP2 gene of vvIBDV and identified the
potentially most suitable vaccine strains that could be used in vaccination programs to tackle this major issue in poultry
industry in Iraq. However, a wider study involving the collection of many samples from outbreaks of IBDV across
different parts of the country is needed in order to map the strains circulating in different regions and track possible
sequence changes in the future.

Conclusion

Although the vaccination program is routinely applied, poultry infection with IBDV is common. In this study we isolated
and sequenced a very virulent strain of Gumboro, conducted an unprecedented comprehensive DNA sequence analyses
of all available vvIBDV sequences from Iraq, and compared these sequences to vaccine strains.

Our results indicated that sequences of vvIBDV from Iraq belong to genogroup 3 and the antigenic determinant of this
virus is prone to genetic mutation, leading to sequence diversification. It is noteworthy that the vaccine strains that
revealed the highest sequence similarity to the local virulent strains are not employed in the vaccination programs in Iraq,
which might suggest why most vaccinations against IBDV in Iraq are not very effective. Indeed, a wider study involving
isolation and sequencing of vvIBDYV isolates from different regions across the country is crucial to draw a high-resolution
map of the sequence diversity of this virus in Iraq, in order to pave the way for accurate genotyping and for further in vivo
experiments to determine the most successful vaccine.
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Data availability

Underlying data

GenBank: Infectious bursal disease virus isolate IqgKufa 01 VP2 gene, partial cds, Accession number MW020533.1:
https://www.ncbi.nlm.nih.gov/nuccore/MW020533.1.

GenBank: Infectious bursal disease virus isolate IqgKufa 01 VP1 gene, partial cds, Accession number MW020534.1:
https://www.ncbi.nlm.nih.gov/nuccore/MW020534.1.

Dryad: Supplementary Information for: Sequence diversity and evolution of Infectious Bursal Disease Virus IBDV in
Iraq. https://doi.org/10.5061/dryad.s7h44j167 (Abbas, 2021).

This project contains the following underlying data:

e Table 1_accesson_numbers_of VP1_and_VP2_sequences_used_in_this_study. (GenBank accessions of VP1

and VP2 sequences used in this study.)

e IBVD_VPI1_NCBI_Hits_OurVP1.txt. (DNA sequences of all VP1 sequences used in this study.)

e ABIC_andVentriVaccin_IraqV2_DNA_percentSimilrity_matrix.csv. (hvVP2 sequence similarity percentage of

two vaccine strains compared to all Iraqi isolates.)

e all_VP2_DNA_sequencesUsed.txt. (DNA sequences of all VP2 sequences used in this study.)

Extended data

Dryad: Supplementary Information for: Sequence diversity and evolution of Infectious Bursal Disease Virus IBDV in

Iraq. https://doi.org/10.5061/dryad.s7h44j167 (Abbas, 2021).

This project contains the following extended data:

¢ TextFileToShow_connection_iTol_VP2. (Connections datasets allow the drawing of straight or curved lines
between any two nodes in the tree. Width, colour, and opacity can be set for each line).

e TextFileToShow_GRADIENT_iTol_VP2. (In gradient datasets, each ID is associated to a single numeric value
which is converted to a coloured box based on the gradient defined).

e IraqiVP2_pairwiseDistance.csv. (Pairwise distance of VP2 aligned region among strains isolated from Iraq).

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CCO 1.0 Public

domain dedication).

Acknowledgments

The authors thank the Faculty of Veterinary Medicine, University of Kufa. Permissions were obtained.

References

Abbas AH: Supplementary Information for: Sequence diversity and
evolution of Infectious Bursal Disease Virus IBDV in Iraq. Dryad,
Dataset. 2021.

Publisher Full Text

Ali Khan RS, et al.: Phylogenetic analysis of Infectious Bursal Disease
viruses according to newly proposed model of classification into
geno-groups. / Infect Public Health. King Saud Bin Abdulaziz University for
Health Sciences; 2019; 12(3): 410-418.

Publisher Full Text

Ali N, et al.: Current Nucleic Acid Extraction Methods and Their
Implications to Point-of-Care Diagnostics. BioMed Research

International. 2017.
PubMed Abstract | Publisher Full Text | Free Full Text

Altschul SF, et al.: Basic local alignment search tool. / Mo/ Biol. 1990;
215(3): 403-410.

PubMed Abstract | Publisher Full Text

Arnold M, et al.: Protective Vaccination against Infectious Bursal
Disease Virus with Whole Recombinant Kluyveromyces lactis Yeast
Expressing the Viral VP2 Subunit. PLoS ONE. 2012.

PubMed Abstract | Publisher Full Text | Free Full Text

Bayliss CD, et al.: A comparison of the sequences of segment A of four
infectious bursal disease virus strains and identification of a variable

Page 11 of 18


https://www.ncbi.nlm.nih.gov/nuccore/MW020533.1
https://www.ncbi.nlm.nih.gov/nuccore/MW020534.1
https://doi.org/10.5061/dryad.s7h44j167
https://doi.org/10.5061/dryad.s7h44j167
https://creativecommons.org/publicdomain/zero/1.0/
https://doi.org/10.5061/dryad.s7h44j167
https://doi.org/10.1016/j.jiph.2018.12.012
http://www.ncbi.nlm.nih.gov/pubmed/28785592
https://doi.org/10.1155/2017/9306564
https://doi.org/10.1155/2017/9306564
https://doi.org/10.1155/2017/9306564
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5529626
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5529626
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5529626
http://www.ncbi.nlm.nih.gov/pubmed/2231712
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
http://www.ncbi.nlm.nih.gov/pubmed/23024743
https://doi.org/10.1371/journal.pone.0042870
https://doi.org/10.1371/journal.pone.0042870
https://doi.org/10.1371/journal.pone.0042870
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3443089
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3443089
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3443089

region in VP2. 1990; 73, pp. 1303-1312.
PubMed Abstract | Publisher Full Text

Van Den Berg TPD: Acute infectious bursal disease in poultry: A review.
Avian Pathol. 2000.
PubMed Abstract | Publisher Full Text

Van Den Berg TP, et al.: Assessment of genetic, antigenic and
pathotypic criteria for the characterization of IBDV strains. 2004;
33(5), pp. 470-476.

PubMed Abstract | Publisher Full Text

Brandt M, et al.: Molecular Determinants of Virulence, Cell Tropism,
and Pathogenic Phenotype of Infectious Bursal Disease Virus. 2001;
75(24): 11974-11982.

PubMed Abstract | Publisher Full Text | Free Full Text

KJ Fahey, E K, CJ: A Conformational Immunogen on VP-2 of Infectious
Bursal Disease Virus that Induces Virus-neutralizing Antibodies that
Passively Protect Chickens. CSIRO Division of Animal Health, Animal Health
Research Laboratory, Private Bag No. 1 1989; pp. 1473-1481.

PubMed Abstract | Publisher Full Text

Camilotti E, et al.: Infectious bursal disease: Pathogenicity and
immunogenicity of vaccines. Revista Brasileira de Ciencia Avicola. 2016;
Publisher Full Text

Cosgrove AS: An Apparently New Disease of Chickens: Avian
Nephrosis. Avian Diseases. 1962.
Publisher Full Text

Coulibaly F, et al.: The Birnavirus Crystal Structure Reveals Structural
Relationships among Icosahedral Viruses. 2005; 120, pp. 761-772.
Publisher Full Text

Dobos P, et al.: Biophysical and Biochemical Characterization of Five
Animal Viruses with Bisegmented Double-Stranded RNA Genomes.

1979; 32(2): 593-605.

Reference Source |PubMed Abstract | Publisher Full Text | Free Full
Text

Edgar RC, Edgar RC: MUSCLE: multiple sequence alignment with high
accuracy and high throughput. Nucleic Acids Res. 2004; 32(5): 1792-7.
PubMed Abstract | Publisher Full Text | Free Full Text

von Einem UL, et al.: VP1 of infectious bursal disease virus is an RNA-
dependent RNA polymerase. / Gen Virol. 2004.
PubMed Abstract | Publisher Full Text

Eterradossi N, et al.: Modified activity of a VP2-located neutralizing
epitope on various vaccine, pathogenic and hypervirulent strains of
infectious bursal disease virus. 1997; 2, pp. 255-270.

PubMed Abstract | Publisher Full Text

EterradossiN, et al.: Critical amino acid changes in VP2 variable domain
are associated with typical and atypical antigenicity in very virulent.
1998; 14955, pp. 1627-1636.

PubMed Abstract | Publisher Full Text

Eterradossi N, Saif YM: Infectious Bursal Disease. In:Diseases of Poultry:
Thirteenth Edition. 2017.
Publisher Full Text

Felsenstein J: Confidence Limits on Phylogenies: An Approach Using
the Bootstrap. Fvolution. 1985.
PubMed Abstract | Publisher Full Text

Ibdv B, Jackwood DJ, Sommer-wagner SE: Amino acids contributing to
antigenic drift in the infectious bursal disease. Virology. Elsevier Inc;

F1000Research 2021, 10:293 Last updated: 10 SEP 2021

2011; 409(1): 33-37.
PubMed Abstract | Publisher Full Text

Islam MR, et al.: Differentiation of infectious bursal disease virus (IBDV)
genome segment B of very virulent and classical lineage by RT-PCR
amplification and restriction enzyme analysis. Arch Virol. 2012.
PubMed Abstract | Publisher Full Text

Jackwood DJ, Sreedevi B, Lefever LJ: Studies on naturally occurring
infectious bursal disease viruses suggest that a single amino acid
substitution at position 253 in VP2 increases pathogenicity. 2008; 377,
pp. 110-116.

PubMed Abstract | Publisher Full Text

Kumar S, et al.: MEGA X: Molecular evolutionary genetics analysis
across computing platforms. Mol Biol Evol. 2018.
PubMed Abstract | Publisher Full Text | Free Full Text

Letunic I, Bork P: Interactive Tree Of Life (iTOL) v4: recent updates and
new developments. Nucleic Acids Res. 2019.
PubMed Abstract | Publisher Full Text | Free Full Text

Mahgoub HA: An overview of infectious bursal disease. Arch Virol. 2012.
PubMed Abstract | Publisher Full Text

Michel LO, Jackwood DJ: Classification of infectious bursal disease
virus into genogroups. Arch Virol. Springer Vienna; 2017; 162(12):
3661-3670.

PubMed Abstract | Publisher Full Text | Free Full Text

Michel LO, Kimber ML, Jackwood DJ: New introduction of a very virulent
infectious bursal disease virus in New York, USA. Avian Pathol. 2019.
PubMed Abstract | Publisher Full Text

Miller H, et al.: Current status of vaccines against infectious bursal
disease. Avian Pathol. 2012.
PubMed Abstract | Publisher Full Text

Okonechnikov K, et al.: Unipro UGENE: A unified bioinformatics toolkit.
Bioinformatics. 2012.
PubMed Abstract | Publisher Full Text

Owoade AA, et al.: High sequence diversity in infectious bursal disease
virus serotype 1in poultry and turkey suggests West-African origin of
very virulent strains. Arch Virol. 2004; 149(4): 653-672.

PubMed Abstract | Publisher Full Text

Rautenschlein S, et al.: Role of intrabursal T cells in infectious bursal
disease virus (IBDV) infection: T cells promote viral clearance but
delay follicular recovery. 2002; pp. 285-304.

PubMed Abstract | Publisher Full Text

Saitou N, Nei M: The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol Biol Evol. 1987.
PubMed Abstract | Publisher Full Text

Tamura K, et al.: Estimating divergence times in large molecular
phylogenies. Proc Nat/ Acad Sci U S A. 2012.
PubMed Abstract | Publisher Full Text | Free Full Text

TamuraK, Nei M: Estimation of the number of nucleotide substitutions
in the control region of mitochondrial DNA in humans and
chimpanzees. Mol Biol Evol. 1993.

PubMed Abstract | Publisher Full Text

Tamura K, Tao Q, Kumar S: Theoretical foundation of the reltime
method for estimating divergence times from variable evolutionary
rates. Mol Biol Evol. 2018.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 12 of 18


http://www.ncbi.nlm.nih.gov/pubmed/2161902
https://doi.org/10.1099/0022-1317-71-6-1303
https://doi.org/10.1099/0022-1317-71-6-1303
https://doi.org/10.1099/0022-1317-71-6-1303
http://www.ncbi.nlm.nih.gov/pubmed/19184804
https://doi.org/10.1080/03079450050045431
https://doi.org/10.1080/03079450050045431
https://doi.org/10.1080/03079450050045431
http://www.ncbi.nlm.nih.gov/pubmed/15545026
https://doi.org/10.1080/03079450400003650
https://doi.org/10.1080/03079450400003650
https://doi.org/10.1080/03079450400003650
http://www.ncbi.nlm.nih.gov/pubmed/11711587
https://doi.org/10.1128/JVI.75.24.11974-11982.2001
https://doi.org/10.1128/JVI.75.24.11974-11982.2001
https://doi.org/10.1128/JVI.75.24.11974-11982.2001
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC116092
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC116092
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC116092
http://www.ncbi.nlm.nih.gov/pubmed/2543787
https://doi.org/10.1099/0022-1317-70-6-1473
https://doi.org/10.1099/0022-1317-70-6-1473
https://doi.org/10.1099/0022-1317-70-6-1473
https://doi.org/10.1590/1806-9061-2015-0148
https://doi.org/10.2307/1587909
https://doi.org/10.1016/j.cell.2005.01.009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC353591/pdf/jvirol00191-0245.pdf
http://www.ncbi.nlm.nih.gov/pubmed/228080
http://www.ncbi.nlm.nih.gov/pubmed/228080
http://www.ncbi.nlm.nih.gov/pubmed/228080
https://doi.org/10.1128/JVI.32.2.593-605.1979
https://doi.org/10.1128/JVI.32.2.593-605.1979
https://doi.org/10.1128/JVI.32.2.593-605.1979
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC353591
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC353591
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC353591
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC353591
http://www.ncbi.nlm.nih.gov/pubmed/15034147
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1093/nar/gkh340
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC390337
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC390337
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC390337
http://www.ncbi.nlm.nih.gov/pubmed/15269362
https://doi.org/10.1099/vir.0.19772-0
https://doi.org/10.1099/vir.0.19772-0
https://doi.org/10.1099/vir.0.19772-0
http://www.ncbi.nlm.nih.gov/pubmed/9125042
https://doi.org/10.1007/s007050050075
https://doi.org/10.1007/s007050050075
https://doi.org/10.1007/s007050050075
http://www.ncbi.nlm.nih.gov/pubmed/9739340
https://doi.org/10.1007/s007050050404
https://doi.org/10.1007/s007050050404
https://doi.org/10.1007/s007050050404
https://doi.org/10.1002/9781119421481.ch7
http://www.ncbi.nlm.nih.gov/pubmed/28561359
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
http://www.ncbi.nlm.nih.gov/pubmed/20965538
https://doi.org/10.1016/j.virol.2010.09.030
https://doi.org/10.1016/j.virol.2010.09.030
https://doi.org/10.1016/j.virol.2010.09.030
http://www.ncbi.nlm.nih.gov/pubmed/22038074
https://doi.org/10.1007/s00705-011-1159-9
https://doi.org/10.1007/s00705-011-1159-9
https://doi.org/10.1007/s00705-011-1159-9
http://www.ncbi.nlm.nih.gov/pubmed/18502466
https://doi.org/10.1016/j.virol.2008.04.018
https://doi.org/10.1016/j.virol.2008.04.018
https://doi.org/10.1016/j.virol.2008.04.018
http://www.ncbi.nlm.nih.gov/pubmed/29722887
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967553
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967553
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967553
http://www.ncbi.nlm.nih.gov/pubmed/30931475
https://doi.org/10.1093/nar/gkz239
https://doi.org/10.1093/nar/gkz239
https://doi.org/10.1093/nar/gkz239
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602468
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602468
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6602468
http://www.ncbi.nlm.nih.gov/pubmed/22707044
https://doi.org/10.1007/s00705-012-1377-9
https://doi.org/10.1007/s00705-012-1377-9
https://doi.org/10.1007/s00705-012-1377-9
http://www.ncbi.nlm.nih.gov/pubmed/28825213
https://doi.org/10.1007/s00705-017-3500-4
https://doi.org/10.1007/s00705-017-3500-4
https://doi.org/10.1007/s00705-017-3500-4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5671532
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5671532
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5671532
http://www.ncbi.nlm.nih.gov/pubmed/31155926
https://doi.org/10.1080/03079457.2019.1626975
https://doi.org/10.1080/03079457.2019.1626975
https://doi.org/10.1080/03079457.2019.1626975
http://www.ncbi.nlm.nih.gov/pubmed/22515532
https://doi.org/10.1080/03079457.2012.661403
https://doi.org/10.1080/03079457.2012.661403
https://doi.org/10.1080/03079457.2012.661403
http://www.ncbi.nlm.nih.gov/pubmed/22368248
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.1093/bioinformatics/bts091
http://www.ncbi.nlm.nih.gov/pubmed/15045556
https://doi.org/10.1007/s00705-003-0270-y
https://doi.org/10.1007/s00705-003-0270-y
https://doi.org/10.1007/s00705-003-0270-y
http://www.ncbi.nlm.nih.gov/pubmed/11890524
https://doi.org/10.1007/s705-002-8320-2
https://doi.org/10.1007/s705-002-8320-2
https://doi.org/10.1007/s705-002-8320-2
http://www.ncbi.nlm.nih.gov/pubmed/3447015
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1093/oxfordjournals.molbev.a040454
http://www.ncbi.nlm.nih.gov/pubmed/23129628
https://doi.org/10.1073/pnas.1213199109
https://doi.org/10.1073/pnas.1213199109
https://doi.org/10.1073/pnas.1213199109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3511068
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3511068
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3511068
http://www.ncbi.nlm.nih.gov/pubmed/8336541
https://doi.org/10.1093/oxfordjournals.molbev.a040023
https://doi.org/10.1093/oxfordjournals.molbev.a040023
https://doi.org/10.1093/oxfordjournals.molbev.a040023
http://www.ncbi.nlm.nih.gov/pubmed/29893954
https://doi.org/10.1093/molbev/msy044
https://doi.org/10.1093/molbev/msy044
https://doi.org/10.1093/molbev/msy044
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5995221
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5995221
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5995221

F1OOOResearch F1000Research 2021, 10:293 Last updated: 10 SEP 2021

Open Peer Review

Current Peer Review Status: ¢

Reviewer Report 10 September 2021

https://doi.org/10.5256/f1000research.76859.r93262

© 2021 Jackwood D. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Daral }. Jackwood

" Food Animal Health Research Program, Ohio Agricultural Research and Development Center,
Wooster, OH, USA

2 The Ohio State University, Columbus, OH, USA

The author’s revisions are appropriate and improve the paper, I am in favor of accepting this
revision.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Molecular Virology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 10 September 2021

https://doi.org/10.5256/f1000research.76859.r93261

© 2021 Abdallah F. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Fatma Abdallah
Department of Virology, Faculty of Veterinary Medicine, Zagazig University, Zagazig, Egypt

I agree to these modifications. I have no objection to indexing the article and good luck to you all.

Competing Interests: No competing interests were disclosed.

Page 13 0f 18


https://doi.org/10.5256/f1000research.76859.r93262
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5256/f1000research.76859.r93261
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

F1000Research 2021, 10:293 Last updated: 10 SEP 2021

Reviewer Expertise: Molecular Virology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 30 July 2021
https://doi.org/10.5256/f1000research.31452.r89761

© 2021 Abdallah F. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Fatma Abdallah
Department of Virology, Faculty of Veterinary Medicine, Zagazig University, Zagazig, Egypt

The authors explore the sequences diversity of IBDV in Iraq and compared it with other local and
global sequences from GenBank, as well as, compared to available vaccine strains in Iraq.

However, I have significant reservations, as outlined below; please address the following
comments in your consideration before acceptance:
1. Page 5, the circular unrooted phylogenetic tree of vp1 is not at all clear; please change the
phylogenetic tree into another form as traditional to become better and expressive.

2. Please, you can unite the drawing of the all phylogenetic tree in the manuscript as a
traditional form to become clearer.

3. In the discussion section, please explain with what motives you have led to suggest that
there is a genetic reassortment in IBDV strain in Iraq because the genetic reassortment is
not based on genetic drift in the protein coding region.

4. In the conclusion section, you cannot judge that the available vaccinations against
Gumboro disease in Iraq are enough to prevent the current IBDV infection through
sequence analysis of all available IBDV sequence strains in Iraqg. Indeed, you are needed to
isolate circulating IBDV strains from different outbreaks across different regions of your
country and then track evolution changes in these strains through studying the
pathogenicity and virulence of these strain in vivo; Thus, you can control whether these new
isolated IBDV strains are controlled with these available vaccine strains or not. so, I
recommend you adjust your conclusion with your results and discussion.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?

Page 14 of 18


https://doi.org/10.5256/f1000research.31452.r89761
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

F1000Research 2021, 10:293 Last updated: 10 SEP 2021

Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Molecular Virology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Ali Abbas, Faculty of veterinary medicine, University of Kufa, Najaf, Iraq

Thank you very much for your valuable comments. Please have a look to the following
response to your comments:

For comment one and two:

We reformatted the phylogenetic trees in figure 1 and 2 to the standard phylogenetic tree
to be replacing the radial and circular format, respectively. However, for figure five it is
crucial to keep it as is, in order to show the links between different strains.

3. We'd liked to emphasise that the similarity between strains of IBDV in VP1 gene does not
necessarily have sequence similarity in hvWP2 region. Nonetheless, we've omitted the text to
remove the confusion.

4.T've appended a statement, which illuminates the importance of experimental work to be
involved in future studies to assess the efficacy of vaccines against local strains.

However, a cross country molecular study is important to show the diversity of IBDV to
reduce the time, cost and labour to achieve the experimental work.

Competing Interests: No competing interests were disclosed.
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Daral J. Jackwood

' Food Animal Health Research Program, Ohio Agricultural Research and Development Center,
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This paper describes the phylogenetic relationship of a vwiIBDV strain identified in Iraq with known
IBDV strains from the region and around the world. It is also compared to vaccine strains used to
protect against IBD.

There are three different phylogenetic tree types Traditional, Radiation and Circle used in this
paper. It is recommended that only one type of tree be used throughout the manuscript.

In the discussion, the authors indicate that the genetic sequence data of the vwIBDV from Iraq
suggests a genetic reassortment. It is not clear from the data why this virus is a reassorted strain.
Both genome segments aligned with vwIBDV. Reassorted vvIBDV typically have a genome segment
B from a non-wIBDV strain. That does not seem to be the case here.

The New York strain of vwiIBDV is not from New York City, it is from the state of New York (see the
bottom of page 8).

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly
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Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Molecular Virology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Ali Abbas, Faculty of veterinary medicine, University of Kufa, Najaf, Iraq

Thank you very much for your valuable comments. Please have a look to the following
response to your comments:

There are three different phylogenetic tree types Traditional, Radiation and Circle used in
this paper. It is recommended that only one type of tree be used throughout the
manuscript?

The phylogenetic trees in figure 1 and figure 2 were reformatted to the standard
phylogenetic tree to be replacing the radial and circular format, respectively.
However, for figure five it is crucial to keep it as is, in order to show the links between
taxa.

In the discussion, the authors indicate that the genetic sequence data of the vwIBDV from
Iraq suggests a genetic reassortment. It is not clear from the data why this virus is a
reassorted strain. Both genome segments aligned with vwIBDV. Reassorted vIBDV typically
have a genome segment B from a non-wIBDV strain. That does not seem to be the case
here?

We'd liked to emphasise that the similarity between strains of IBDV in VP1 gene does
not necessarily have sequence similarity in hvVP2 region. Nonetheless, we've omitted
the text to remove the confusion.

The New York strain of vwiIBDV is not from New York City, it is from the state of New York?

This has been corrected.

Competing Interests: No competing interests were disclosed.
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