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ABSTRACT

The poultry industry is facing serious threats caused by avian pathogens, which cast a shadow
over its economic impact, among them Marek’s Disease Virus (MDV). The threat of MDV
appeared due to oncogenicity and immunosuppression, controlled successfully by
vaccination and biosafety measures. A successful vaccination outcome requires identifying
circulating viruses; otherwise, vaccine failure occurs. To better understand the circulating
virus, 160 samples were collected from different layers of farms in Iraq. Samples were
filtered initially by real-time PCR, and positive samples were used to amplify viral genes
Meq, PP38, and later to study viral virulence by detection of the 132bp repeat region. PCR
products of Meq and PP38 genes were sent to a commercial sequence company (Macrogene
Inc./South Korea). Feedback data were analyzed by MEGAT11 software; phylogenetic trees
were created by Bio Edit software. The results showed a high matching rate of the two studied
Meq gene samples against the reference strain, as well as with already described strains from
Japan, Germany, France, and China, but varied from the previously described isolates from
Iraq. Regarding PP38, the four analyzed isolates occupied two clusters: the less variable
isolates (A1, A2, and A3) located adjacent to the Thailand strain, while the other involved
the higher variable isolate 2P close to the Pakistan isolate. All recent local isolates were of
high virulence based on 132 tandem repeat region amplification. In conclusion, the recent
study provides molecular evidence for mutations with MDYV virulence genes that require
more attention for vaccine selection to control the disease.
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INTRODUCTION comprises a large genome that may reach
180kb for virulent strains, encoding for

Marek’s Disease Virus (MDV) is a more than a hundred viral proteins (Tulman
lymphoproliferative ~ viral disease of et al., 2000). Previous studies have revealed
chickens caused by a Herpesvirus within several genes that encode vital virulence
Alphaherpesvirinae  known as Gallid factors, including meq, vil-8, PP14, PP38,
herpesvirus 2 (Zhu et al., 2024). The and vlip (Bertzbach er al, 2020).
causative agent is a DNA virus that Vaccination was used to control the
significant economic impact of the disease
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MDYV encodes an essential virulence factor,
Meq oncoprotein, which plays a central role
in the virus oncogenicity. The Meq gene
involved a standard of 339 amino acids, and
several isoforms were described with longer
or shorter lengths (Tai et al., 2017; Chacon
et al, 2024). In addition to its role in
oncogenesis, the Meq protein is also
involved in virus immunosuppression, and
point mutation within this gene was
associated with increased virus virulence
(Chacon et al., 2024).

The MDV phosphoprotein PP38 plays an
important role in MDV pathogenesis, such
as lymphoid tropism with cytolytic
infection of B cells, but not the feather
follicle epithelium cells, reactivation from
latency status, indirectly —maintaining
tumorigenesis by blocking the cellular
apoptosis mechanism, and supporting the
immune suppression (Gimeno et al., 2005).

Additionally, PP38 is expressed in lytic and
transformed cells, although it is not
involved directly in the tumorigenesis
mechanism (Reddy et al., 2002).

Experimental studies of (Sun ef al., 2022)
find that pp38 supports the function of meq
oncogene, as the recombinant virus that
lacks both genes showed a fully attenuated
strain that cannot restore its virulence, as
with recombinant strains that lacked meq
gene only, thus this double gene mutated
virus can act as a very effective vaccine
strain.

During the attenuation process, either in
vitro or in vivo with wild-type virus, a
specific region within the repeated regions
of the viral genome (TRL/IRL) of the long
segment (LR), known as the 132kb tandem
repeat, will expand from two copies into
more than 20-30 copies. This expansion
leads to the loss of viral virulence as it will
interrupt the transcription pattern of the
genome, especially the virulence adjacent
region of 1.8kb RNA (Niikura et al., 2006).
The 132 tandem repeat genome region and
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its expansion were described as a
characteristic  feature to differentiate
between virulent and attenuated strains of
MDYV and as a diagnostic proof for MDV-1,
the only serotype that carries this gene
(Kalyani et al., 2011).

In Iraq, Marek’s disease was not studied
intensively like other avian diseases of
economic importance such as Avian
Influenza (Khamas, 2008; Allawe and
Hidayat, 2022) Infectious bronchitis (Ali
and Allawe, 2023), the immunosuppressive
Infectious Bursal Disease (Jumaa et al,
2020), and the relative herpesvirus infection
of Infectious Laryngiotrachitis (Allawe et
al., 2016), leaving gray areas in the genomic
structure and mutation rates of MDV that
reflect passively on the understanding of the
viral effect on the poultry industry and the
efficacy of vaccine administration on
disease control and if the mutations
interfere with vaccine activity.

The goal of this study was to address some
gray areas in MDV field genotypes and
study some of their virulence genes,
simultaneously with the emergence of
highly virulent field strains of MDV within
local farms during the last few years,
despite ongoing vaccination programs.

MATERIALS AND METHODS

Samples collection

In this study, a total of 160 tissue samples
were collected from Marek’s disease
suspected flocks in 50 layer farms from
different Iraqi  governorates. Ethical
approval was granted through the local
committee of animal care and use at the
College of Veterinary Medicine within the
University of Baghdad (Number 1240 on
2024/06/27). The collected samples include
liver, spleen, kidney, and feather follicles
from acute cases. These samples were
submitted to the laboratory, crushed, and
prepared for viral nucleic acid extraction.
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Extraction of viral nucleic acid

Viral nucleic acid was extracted manually
using the highly qualified traditional kit
QIAamp DNA kit from Qiagen®. The
process briefly involved the mixing of 200
uL of sample suspension with an equal
volume of lysis buffer, with additional
support of 20 uL of proteinase K. The
reaction took place in a heat block at 56 °C.
After that, the reaction mix was moved into
a silica column with 200 pL of absolute
ethanol, and centrifuged to precipitate DNA
on the silica barrier. Then, this DNA pellet
was washed twice with washing buffer to
get rid of any contaminated proteins and
other cellular components. Finally, the
DNA was rehydrated, collected in a fresh
tube, and stored at -70 C till tested.

Initial detection of MDYV by real-time
PCR

In order to detect the viral DNA of MDV, a
specific Tagman real-time PCR designed by
(Baigent et al, 2016) that targets a
conserved region of the pp38 gene was
chosen. The primers were manufactured by
Alpha DNA/Canada, and involved PP38F
5’- GAG CTA ACC GGA GAG GGA GA-
3°, PP38R 5’- CGC ATA CCG ACT TTC
GTC AA-3’, and a TagMan probe PP38 Pr
5’- CTC CCA CTG TGA CAG CC-3’ with
FAM as reporter and BHQ as a quencher
molecule.

The primers were mixed with the reaction
buffer Go Taq® Probe 1-Step RT-qPCR
system manufactured by Promega. For each
sample, the reaction mix was prepared with
2x buffer solution mixed with 0.4 pL of
enzyme mix, | pL of 10 pmol forward and
reverse primers, 0.5 pL of TagMan probe,
0.05 pL of Rox passive reference dye, and
2.05 pL of nuclease-free water. The
reaction buffer mix was finalized to a
volume of 20 pL by adding 5 pL of viral
DNA template. This mix was passed under
a specific thermal condition of initial
denaturation and hot start activation at 95
°C for 2 minutes, followed by 40 cycles of
95 °C for denaturation and 60 °C for
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annealing and extension, lasting 3, and 30
seconds, respectively. The amplification
process took place using an Applied
Biosystem 7500 fast thermal cycler, and the
results analysis was carried out according to
instrument settings.

Studying MDYV virulence genes Meq, and
pp38

For this step of the study, specific
primers suggested by (Dunn et al., 2010)
against Meq gene that amplifies 1.4 kb
region were chosen as follows: MEQ1.4F
5’- GAG CCA ACA AAT CCC CTG AC-
3’,and MEQ1.4R 5’- CTT TCG GGT CTG
TGG GTG T-3’ as well as a primer set that
amplifies 1006bp of pp38 described by
(Tian et al., 2011) selected FP 5’-TCA TCT
TCA ACC CAC AGC CAT CC-3’, and RP
5°’-TCG CTT AAT CTC CGC CTC CAA
C-3’. These two genes were amplified using
GoTaq®G2 Green Master Mix/Promega for
this study. The master mix was ready to use
at 12.5 pL/sample with 1 pL of both
upstream and downstream primer at 10
pmol/uL, and 5.5 puL of nuclease-free water/
sample. After that, 5 pL of DNA template
was added for each test to complete the
reaction volume to 25 pL. For thermal
condition, both genes have an initial
denaturation hold of 2 minutes at 95 °C and
35 cycles of amplification started with a
denaturation step of 1 minute at 95 °C for
both genes, followed by the annealing step
of 1 minute at 55 °C for Meq gene and 1
minute of 60 °C for pp38 gene, and an
extension step of 2 minutes at 72 °C for both
of them, finalized by a final extension hold
of 10 minutes at 72 °C. The amplification
process was accomplished with applied
Biosystems thermal cycler

Genetic analysis of target genes

The process of sequence analysis of the two
target genes (Meq and pp38). Positive PCR
products were packed and sent to
Macrogen, Inc. / South Korea. The
feedback results were analyzed by
MEGAI11 software; later, phylogenetic
trees were created from these data through



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 655-669

Bio Edit Sequence Alignment Editor
software. A highly virulent Gallid
Alphaherpesvirus2 described previously
(Tulman et al., 2000) with accession No.
(NC _002229.3) was used for comparison
and analysis of local strains.

Study viral virulence by Conventional
PCR

The 132 bp tandem repeat region of MDV
genome was selected for studying the
virulence nature of the virus isolates by
conventional PCR. For this purpose, the
selected region was amplified with the
following primer set (Tian et al, 2011):
132bp Repeat F5’- ATG CGA TGA AAG
TGC TAT GGA G-3’ and 132bp Repeat R
5’- ATC CCT ATG AGA AAG CGC TTG
A-3’. The amplification reaction used
GoTaqG2 Green Master Mix from Promega
at a final volume of 25 ul that composed of
12.5 pL of 2X master mix, 1 pL of both
forward and reverse primers, 5.5 pL of
nuclease-free water, and 5 pL of DNA
template. Simultaneously, the thermal
condition for reaction started with 4 minutes
at 95 °C for initial denaturation, followed by
45 cycles of 1 minute at 95 °C, 1 minute at
62 °C for annealing, 2 minutes at 72 °C for
extension, then an additional step at 72 °C
for 10 minutes as final extension. The
thermal reaction was performed with the
Applied Biosystem ProFlex PCR system.
The results were visualized on 1.5%
agarose stained with ethidium bromide,
electrophoresed with 70 Volts for 90
minutes, and the amplicons were visualized
on a UV light source.

RESULTS

Initial detection of MDYV virus by real-
time PCR

Tagman PCR chemistry detected 28
positive samples out of the 160 tested ones,
representing 12 layer farms originated from
4 Traqi governorates (data are not shown
here), according to the technique criteria, all
the samples that showed a cycle threshold
cycle (Ct) below 35 regarded as positive
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samples, highly concentrated samples with
Ct between 25-30 were selected for viral
genes detection.

Detection of Meq and pp38 genes

The detection process and electrophoresis
of meq product on 1.5% agarose pre-stained
with ethidium bromide showed amplified
bands of about 1.4 kb for three samples
(M1, M2, and M3) were sent for sequence
analysis. The feedback results showed only
a good sequence for M1 and M2, while the
M3 sequence was unclear with high
background noise, so it was neglected.
Regarding the PP38 gene, four samples
showed clear amplification bands (A1, A2,
A3, and 2P) of about 1 kb, which were
selected for sequence analysis.

Alignment of Meq gene

The sequence analysis of both target Meq
genes M1 and M2 revealed the recovery of
1049 nt for M1 and 769 nt for M2. Upon
alignment with the highly virulent reference
standard gene, both of these genes showed
high identity with very few SNPs except the
gene terminals, which showed a little higher
mutation rate, especially the M1 sequence
(Figure 1) and (Figure 2). It is clearly noted
that three SNPs are shared between M1 and
M2, which are located at positions 5795
(G=>A), 5906 (A>G), and 5965 (C>A),
while the other three SNPs were unique to
M1 at positions 5561, 6158, and 6178.
Alternatively, M2 expresses multiple SNPs
starting from position 6193 to 6318 that do
not appear in the M1 sequence.

Alignment of PP38 and Meq genes

The alignment process for the four samples
of the pp38 gene against the standard strain
sequence revealed a highly matching
sequence of the three isolates (A1, A2, and
A3) with the standard sequence, and in
almost all positions within the gene where
single-nucleotide polymorphism (SNP) is
seen. These three samples showed an
identical nucleotide replacement (Figure 3
and Figure 4). The fourth gene (2P), on the
other hand, expresses a higher level of
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variation in both field strains and standard
strains, this variation appears clearly in the

appeared as mutations in the form of SNPs
and insertions as a unique feature for this

second half of the sequenced gene, which strain (Figure 4).

NC_002225.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

NC 002228.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

NC 002228.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

HC 002228.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

NC 002228.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

NC_D02225.3 Gallid
IRQ L M1 MF

NC 002228.3 Gallid
IRQ L M1 MF

NC_002225.3 Gallid
IRQ L M1 MF

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

herpes

E550 5560 5570 5580 55390 5600 5610
e o Pt T e OO Tt ) e o [ At e ey it ) PO G g W e et S e
AGAGTCTAAGCTACACGETAAGGAAAAT TTGTTACCCCAGAGGATTTTTTTATGTCAGTARATCGATAAA

5620 5630 5640 5650 F6c0 5670 5680
(BT e e

o e o e S et o e S e s S | o S PO e R R A
TAATGCCTTTAACCCTTTCCTTTATGT TGATCTTCCCGAAACTATGARARCTATTATAT

5690 5700 5710 5720 5720 5740 5750
oy e R p | U R e | o ST e S B o T | e SR R e |
ACAAGAAACATCGGCCATAGACGATGTECTECTCAGACTCACAAT GCOBATCATCACGGETCTCCCOTCAC

5760 5770 5780 5730 5800 5810 5820
kvt o ST | o R THER ca | on n on SST T | B R [ |
CTGGAAACCACCAGACCGTAGACTGAGTATCCGAGOGAAACTGAGTATARATCTGECCCGAATACAAGGA

5830 5840 5850 5860 5870 5880 5890
sivptn e S | S B e | S S ) SRR e G [ e | i R [
ATCCTCOTTCGGCATCCTCEETAAGACGACGCATAAAGCCTCTCCEECTCCGEAGCCGEATGTGEEECACAT

5300 5910 5920 5530 5940 5950 5960
st g AT c | BB SR e | R e e R BT e e e | e e | e
GOGGTAAAAAGGEEAACCTGECCAACAGEACAAAGCTCAGCCTAAACCETCCCCGEGCEATGGAGGGGTAC

53970 5980 5990 6000 6010 &020 6030
sivops | SRy | e e [ e | o SR S oo TR e e | e T e | i
ACGGCTCGOTAACAGGACACAATGCAGGGAAGATGCCCTCCGGAGAT GEAGGCTGGGEAGEGCAGAAGAG

B o e e S ey T e B EE RIS o S e e B S D AR e N S i O
6040 6050 6060 &070 6080 6050 6100

shvnt | Srdonel RS cop | Sl 2R ce | ot T s e S R S TV S | ST T | L

GOAAT ACTACAGATGECAGCTGOTGECGTCOAGCACAGCTCOECECAAAGCTCCTCCGCAT 2

€110 €120 el30 €140 €150 ele0 e170
e o i g L O i S R e i ) O e e ) P el i B O e ) i =) FE S e
GOAGCCGGGOGTACAGATAGGAGGT TGGAGGEEGCAAGECCCCGOAGCOTAGATAATATGEGGACTAGAGA

6180 6190 6200 6210 6220 6230 6240
sipt | S o | St Y e | o d T I s St R e e e | S B e | it
TGGGAGGTGGTGGGGTCE AGCTGEGECECAAAGT TCCTCCGTATCOGEAGGAGCGGEEGTACAGAT

6250 6260 ®&270 6280 6230 &300 63210
ot e HE a | Sttt [EO S | oS B sl W e e T | B S |
AGCACGCTTCOOCAACCOEAGCAATGTGOAGCOTTACGTTCAT CCOOTCABGOACCTGCAGGAGTCCAAATC

6320 6330 6340 6350 6360 6370 6380
iyt o R I e | Sl R s | oS T e S T ] S e | B R | oS
GGAGGTTCAGGAACGEEATCGTGCGGEETGOTAAGCAGTCCAAGGGTCACCGT TAGGEGTACCGCCATAG

&390 6400 6410 6420 6430 6440 6450
shves Lol o | SR [ e | ST R R T s R R e | b e | Y
GOCAAACTCOGCTCATGACARAGCCAACTGT ACCTCGCACTCAGTCCTTAGATCTCCAATTTC
............ GGCTT.C—-..TC.C..CA.T...T.A...G.A. G..TACC.AGC.AT.CG. -G

6460 6470 6480 64390 6500 6510 6520

s e TS ca | SRR e RN e B P ot O e | R (P e | ]
CTTACGTAGGTGTTCAT TGGCCCTCTGCAGCTCTTCACATGCT TCATGEAGTTTGTCTACATAGTCCGTC
. .GOAT.C..AACCGC. .CA.T.CGACC.TA.C. .CGGC. ..G--A..T...C.CCG.CT..GTTCTA. . .

6530 66540 6550 6560 6570 6580 6590
iy ot | e B TR e | o R ) R R s e | e N Y e | o B
TGCTTCCTG CGTCTTCTCCGAGCGGCGTCACGATTCCTTTTTCTCCTCCTTTCC AGC
. .AGC.AA.GCGGGTT.A....A.TTACT.CT.C....A.CC..C.ACC....C...CGA.GAAGAC.AT

Figure 1: the alignment of the Meq gene product from the M1 sample with the control reference
sequence, with a high variation rate at the sequence terminal compared with the standard strain sequence.
The alignment was analyzed by MEGA 11 software.
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Figure 2: the alignment of the Meq gene product from M2 sample with the control reference sequence,
the high matching is very clear except in the last two lines were the mutations as SNP appeared,
alignment analysis was created by MEGA11 software.

Phylogenetic analysis The phylogenetic analysis of pp38
The phylogenetic analysis of the two Meq sequenced samples showed that these
genes M1 and M2 explains a high samples are split into two clusters. The first
relationship to the virulent standard one included samples Al, A2, and A3,
sequence (NC 002229.3) as well as to a which are situated close to sequenced
group of previously described strains from samples from Thailand, India, and Egypt.
Germany, France, China, and Japan. On the The second cluster involved sample 2P,
other hand, the recently analyzed strains did which shares a high identity with a sample
not cluster with the previously described isolated from Pakistan (Figure 7).

genotypes from Iraq, Iran, and Tiirkiye
(Figures 5) and (Figure 6).
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Figure 3: the alignment analysis of the pp38 gene with many SNPs that shared almost between tested
samples although high matching is seen between tested samples and standard control.
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Figure 4: the second part of pp38 gene alignment, in which sample 2P showed several insertions that
give it some specificity among other tested samples as well as the control sample.
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— OP524128.1 Iraq
OR249976.1 Viet Nam
MK138678.1 ltaly
MK584542.1 India
MW218793.1 Turkey
MT561535.1 Nigeria
KC243262.1 Iraq

PP783760.1 Brasil
MW827216.1 Iran
DQ534533.1 USA
HQ204797.1 Poland
MG432697.1 China1

MT797631.1 Germany

LC588272.1 Japan

KU744561.1 CHINA

0.20

IRQ L M1 MF

NC 002229.3 Gallid herpesvirus 2(Reference Sequence)
BK009383.1 France

(Figure 5) the phylogenetic analysis of the M1 sample which showed a close relationship with Chinese,
Japanese, and German strains as well as a high matching with the French and the virulent strain used as
a reference control. The phylogenetic tree was created with Bio Edit Sequence Alignment Editor

software.

DQ534533.1 USA
HQ204797.1 Poland
MT561535.1 Nigeria
OR249976.1 Viet Nam
- OP524128.1 Iraq
MW219793.1 Turkey
MK584542 1 India

—FaLEW

MW827216.1 Iran
KC243262.1 Iraq
MK139678.1 ltaly
PP783760.1 Brasil

NC 002229.3 Gallid herpesvirus 2(Reference Sequence)
MT797631.1 Germany

0.20

BK009383.1 France
KU744561.1 CHINA
LC589272.1 Japan

Figure 6: the phylogenetic analysis of M2 sample. The phylogenetic tree was created with Bio Edit

Sequence Alignment Editor software.
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IRQ L A2 AF
IRQ L A3 AF
IRQ L A1 AF
CP control
ON831325.1 Gallid alphaherpesvirus 2 Thailand
KP342381.1 Gallid herpesvirus 2 India
LC363509.1 Gallid alphaherpesvirus 2 Egypt
2P P
r51 0Q858618.1 Gallid alphaherpesvirus 2 Pakistan
LC192820.1 Gallid alphaherpesvirus 2 Japan
FJ436097.1 Synthetic construct Gallid herpesvirus 2 USA
92 NC 002229.3 Gallid herpesvirus 2 RefSeq
g3 | | MF431485.1 Gallid alphaherpesvirus 2 Germany
93 ' KU744561.1 Gallid alphaherpesvirus 2 China
MNS56507.1 Gallid alphaherpesvirus 2 Turkey
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56
60

21
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(Figure 7) the phylogenetic analysis of pp38 showed the local strains located into two clusters, the first
one with A1, A2, and A3 that are highly matched with strains from Thailand, India, and Egypt, while
the second cluster involved only one sample 2P that shows highly match with Pakistan strain,
Phylogenetic tree was created with Bio Edit Sequence Alignment Editor software.

Result of Study Viral Virulence by band with a molecular weight of about
Conventional PCR 320bp, compared to the control, which
The result of this experiment showed that showed multiple bands with different
samples expressed a single amplification molecular weights (Figure 8).

CONTROL

l

-~
—-—
- —
o —
——
—
e
-
-

Figure 8: the viral 132bp tandem repeat region electrophoresis at 1% agarose, 90 volts for 1 hour stained
with ethidium bromide. Virulent Viral strains showed only one amplification band of about 320bp, in
comparison with attenuated or low virulent strains that showed multiple amplification bands.
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DISCUSSION

Vaccination and the adjacent biosafety
management system are considered an
effective method to control and restrict
avian viral infections (Davison and Nair
2005). Sometimes, especially with avian
herpes viruses, live attenuated vaccines can
revert and enhance viral pathogenicity into
higher virulence (Allawe et al., 2016;
Trimpert et al., 2017; Ali et al., 2023).

In this study, the sequence analysis of the
oncogene Meq for the two samples M1 and
M2 revealed a high match with the virulent
Gallid  herpesvirus  reference  strain
(NC002229) described previously (Tulman
et al., 2000). However, there were several
point mutations represented as single-
nucleotide polymorphisms in both samples,
as well as two insertions in the M1 sample
but not in M2 concentrated at the end
terminal sequence. Those mutations are an
indicator for enhanced MDYV pathogenicity
and virulence, which agrees with (Liu ef a/.,
2023), and this feature was seen clearly with
the clinical disease and raised mortality
among birds, in which the MDV overcame
the wvaccine barrier and showed an
aggressive disease manifestation. The
phylogenetic analysis of Meq gene cluster
M1 and M2 in proximity with the standard
strain, as well as other virulent strains from
Japan, France, Germany, and China,
ensures the virulent nature of the current
circulating isolates from Iraq. It was
interesting to notice that the current
sequence of the meq gene differs from other
sequences from Iraq of the same gene
published earlier, like KC243262.1 (Wajid
et al., 2013), and OP524128.1 published by
(Alkubaisy and Hameed, 2023), and this
supports the theory of continuous
circulation of MDV in Iraqi poultry farms
and reflects the importance of this study in
following up the changes in the virus
genome.

Additionally, sequence analysis of the PP38
gene was also studied in four isolates. The
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results returned with a high match of three
isolates (A1, A2, and A3) with the standard
virulent reference strain (NC002229), even
with the presence of some point mutations
that were shared between the three recent
isolates but differ from the standard
reference strain. Alternatively, the isolate
sequence 2P showed initially high matching
rates with the standard reference strain
along the first 650 bp. After that many
mutations appeared in the form of SNPs or
insertions that drive this gene into a unique
sequence from both the standard strain as
well as the recent local isolates, which may
reflect a specific genetic characterization
for the Iraqi strains and explain the higher
virulent nature of the current isolates
(Reddy et al., 2002; Gimeno et al., 2005;
Schat et al., 2013). The alignment results
were described more clearly by the
phylogenetic analysis, where the less
variable strains (A1, A2, and A3) occupied
a cluster adjacent to the Thailand strain,
while the 2P isolate was located in a
separate cluster with another strain from
Pakistan, suggesting a possible introduction
of a novel genotype. All the local isolates
did not show a close relationship with the
standard reference strain (NC002229),
which may indicate a specific genotype of
pp38 for the local strains. Unfortunately,
there were no previously registered pp38
gene sequences from Iraqi strains at the
gene bank to compare with, which may
imply this study records the first analysis of
this gene.

The detection of the 132kb tandem repeat
region was used as an alternative method to
confirm the viral serotype, and its virulence,
and to overcome the shortage of inability to
perform a pathogenicity study on recent
local strains of MDV. The results showed a
single band of about 320bp for the local
strains tested samples is evidence of the
high virulence viral strain, compared with
multiple bands of different molecular
weights for the control attenuated vaccine
strain, which agreed with the previous
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results described by (Niikura et al., 2006;
Alkubaisy and Hameed 2023).

These results confirm the genomic analysis
findings of the meq and pp38 viral genes,
that these current isolates are virulent
strains of the MDV-1 virus (Zahid 2008;
Torres et al., 2019; Alkubaisy and Hameed
2023).

Molecular analysis of genes like meq or
tandem 132 repeat region was described as
an alternative method for the detection and
determination of MDYV pathogenesis by
several researchers (Wozniakowski et al.,
2010; Cheng et al., 2024)

The localization of sequenced genes (Meq
and pp38) in close proximity to the virulent
strain, which was used as a control or
standard for the phylogenetic analysis, is
additional evidence for the high virulence of
the studied strains and these results are
accepted (Wozniakowski et al., 2010).

The limitation of this study is represented
by the low number of sequenced samples
due to the limited number of collected
samples and the inability to perform an in
vivo pathogenicity study to detect the role
of the new mutations in viral virulence, as
well as limited genotyping studies, which
restrict the alignment of recent isolates with
previous ones to understand the mutation
rate over time.
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