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Abstract Marek’s disease (MD) is a lymphoproliferative
and neuropathic disease of domestic fowl caused by an
oncogenic Gallid Herpesvirus-2 (GaHV-2), also known as
Marek’s Disease Virus serotype 1 (MDV-1). A total of
forty (n = 40) liver samples of 14 outbreaks at poultry farm
suspected for MD were investigated. Collected samples
were processed for classical as well as for molecular
diagnosis and further characterization of pathogens for the
control of the disease. The Meq gene-based real-time PCR,
nested PCR and virus isolation in CEF were performed.
Out of 40 biological samples, 80% (32/40) samples
were detected positive for MDV-1 by real-time PCR,
67.5% (27/40) by nested PCR and only 25.9% (7/27) by
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virus isolation in CEF. The nucleotide and deduced amino
acid sequence data analysis of Meq gene revealed the
presence of virulent MDV-1 strain in the majority of the
samples of outbreaks. The mild virulent strain was also
confirmed in only one field samples with maximum
sequence identity with vaccine strain from the Netherlands
(CVI988) and China (814). Present study conclude that the
virulent strain of MDV-1 is circulating in Haryana state of
India and responsible for morbidity and mortality among
vaccinated poultry birds.
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Introduction

Marek’s disease (MD) is caused by the cell-associated o-
herpesvirus, i.e., Gallid herpesvirus 2 (GaHV-2) which
belong to family—Herpesviridae, subfamily—Alphaher-
pesvirinae and genus—Mardivirus. It is well-known dis-
ease of chickens having lymphoproliferative signs. MD is
responsible for causing serious economic losses to the
poultry industry. There are three serotypes of MD virus
which share common antigen [1]. These serotypes include
type-1 containing oncogenic MDV-1, type -2 containing
non-oncogenic MDV-2 and type-3 containing herpesvirus
of turkey (HVT) [2]. Commercially available HVT vacci-
nes have well controlled the disease. However, the prox-
imity of large flocks of chickens and varied level of
immune and health status of birds has led to emergence of
diversity in MDV-1. Due to extensive vaccination of flocks
against MDV-1, the immune evading strains are evolving
day by day which have great genetic diversity and
increased virulence for host [2, 3]. The estimated economic
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burden to poultry industry of MD may be nearly about US
$ 1 to 2 billion annually [4].

MDV-1 infects respiratory tract of birds mainly via
inhalation route. Virus particles inoculated in lungs start
replicating in B and T lymphocytes resulting in initial acute
cytolytic phase in lymphyocytes followed by immuno-
suppression to host [5, 6]. After 6 to 7 day post-infection,
the virus genome gets integrated into the genome of
CD4 + T lymphocytes without any detectable expression
of the potential antigenic proteins resulting in progression
of latent stage of virus. This latent phase allows immune
evasion by the virus which results in lymphomatous lesions
in the visceral organs, peripheral nerves, and skin. The
virus fully replicates only in feather follicle epithelium
which act as primary source of infectious viral particles to
other susceptible birds during sloughing off the wing in air
[7].

The genome of MDV-1 consists of more than 200 genes.
One of such gene named meq gene which has been found
associated with oncogenicity. The Meq protein is the most
important viral protein leading to herpesvirus-induced
tumorigenicity [8]. Meq protein is a 339 amino acid protein
having C-terminal trans-activation domain and N-terminal
basic region leucine zipper (bZIP) domain [9]. The bZIP
domain includes two stretches of basic residues (basic
regions 1 and 2, i.e., BR1 and BR2) and a leucine zipper.
The trans-activation domain contains 2.5 proline-rich
repeats (PRRs), which has several SH3-binding motifs.
Due to diverse nature of this protein, Meq is defined as a
key virulence factor in poultry herpesvirus [10]. However,
oncogene which contributes toward enhanced virulence of
MDV-1 was remaining uncharacterized during the past
studies. The Meq gene has the greatest possibility toward
oncogenicity and pathogenicity of virus.

India is also a sufferer of huge economic loss of
approximately 40 million Indian rupees due to MD out-
breaks in vaccinated poultry flocks [11]. Several outbreaks
of MDV-1 have been reported from vaccinated poultry
flocks in India. In Karnataka state of India, outbreak was
reported in vaccinated commercial layer flocks in mining
area where huge amount of mine dust and soil cause
immuno-suppression leading to MDV-1 infection [12]. The
agar gel immunoprecipitation test (AGPT) had also con-
firmed the outbreak of MDV-1 in Mizoram state in India
among poultry flocks [13]. The meq gene-based modern
techniques such as PCR and nucleic acid sequencing and
classical histopathology-based techniques were used for
molecular characterization of Indian strains of MDV-1
from several outbreaks in Haryana [14], South India
[15, 16] and North-east India [17].

The molecular diagnosis and characterization of patho-
gens are important for control of the disease; hence, present
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study was planned to identify and characterize the circu-
lating MDV-1 strain among the poultry birds.

Material and Methods
Sample Collection

A total of 14 poultry outbreaks suspected for Marek’s
disease on the basis of clinical signs were attended during
the period of one year, and a total of forty (n = 40) liver
samples were collected from suspected cases of MD par-
ticularly from 18 to 26-week-old vaccinated chicken flock
from Hisar and its adjoining districts of Haryana. These
samples were collected in 50% buffered glycerol and
stored at —20 °C for further downstream processing.

Extraction of Nucleic Acid

The collected tissue samples were triturated with the help
of pestle and mortar. Approximately 80—-100 mg triturated
tissue sample was resuspended in 400 pl of tissue lysis
buffer (0.5 mol/l Tris HCI, 0.5 mol/l EDTA, 2% SDS) and
200 pg proteinase K and incubated at 55°C for 1 h. After
this, an equal volume of phenol:chloroform:isoamylalcohol
(25:24:1 v/v) was added to the lysate and centrifuged. The
aqueous phase was separated, and DNA was precipitated
with double the volume of absolute ethanol after overnight
incubation at —20 °C and centrifuged at 10,000 x g and
15-20 °C for 20 min. The pellet was washed with 70%
ethanol, air dried and dissolved in 30 pL of nuclease-free
water for further use.

Real-time PCR (qPCR)

All the extracted DNA samples were screened using Taq-
Man probe-based qPCR. The published Meq gene-specific
primers and probe were used for the assay [18] (Table 1).
The dual dye-labeled HPLC purified probe with 6-car-
boxyfluorescein (6-FAM) at 5’ end and carboxytetram-
ethylthodamine (TAMRA) at 3’ end was used. The
amplification and detection were performed at real-time
PCR machine (ABI 7500 standard) with the TagMan
Universal PCR Master Mix (Applied Biosystems). The
real-time PCR reaction was optimized in 25 pl reaction
containing 0.5 pmol of forward primer, 0.5 pmol of reverse
primer and 0.25 pmol of hydrolysis probe. Cycling con-
ditions used were 50 °C for 2 min, initial denaturation at
95 °C for 2 min followed by 40 cycles of denaturation at
95 °C for 15 s followed by annealing and extension at
60 °C for 1 min.
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Table 1 Primers used for amplification of Meq gene of MDV-1 in PCR and real-time PCR reactions

Primers Primer Sequences 5° — 3’

Amplicon size* Reference

PCR primers for amplification of Meq gene of MDV-1

M-S ATGTCTCAGGAGCCAGAGCCGGCGCT
M-AS GGGGCATAGACGATGTGCTGCTGAG
MR-S TGTTCGGGATCCTCGGTAAGA

MR-AS AGTTGGCTTGTCATGAGCCAG

1062 (1242) Murata et al.(2007)

583 (763)

Real-Time PCR primers and probe for amplification of Meq gene of MDV-1

MEQ-F
MEQ-R
TagMan probe

GGTCTGGTGGTTTCCAGGTGA
GCATAGACGATGTGCTGCTGA

73 bp Baigent et al.(2005)

FAM-AGACCCTGATGATCCGCATTGCGACT-NFQ

* Expected sizes are shown for meq, and the L-meq is in parentheses

Nested PCR (nPCR)

The Meq gene-specific nPCR was also used for detection
of MDV-1 [19] (Table 1) and generation of amplicons for
sequencing. The first outer set of primer generated 1,062-
bp Meq or a 1,242-bp L-Meq amplicons. The PCR
amplification reaction was carried out using 3 pL (20 ng/
puL) DNA as template in a total volume of 25 pL. containing
12.5 pL of Top taq master mix (Qiagen, the USA), 1 pL of
10 pmol/l of each of the two primers, and 7.5 pL of
nuclease-free water. Only 1.0pL of first PCR was used as
template for the second round of PCR of 25 pL reaction
mixture containing 0.5 pM of each primer to amplify a
583-bp meq or 763-bp L-meq fragment. The thermal
cycling parameters for both sets of PCR were same except
annealing step as initial denaturation at 94°C for 4 min, 35
cycles of denaturation at 94°C for 1 min, annealing at 56°C
for 1 min, elongation at 72°C for 1 min, final elongation at
72°C for 10 min and hold at 4°C for 5 min. The second or
nested set of PCR was performed at the annealing tem-
perature of 60°C for 30 s. The amplicons generated were
separated on ethidium bromide (0.5p/ml) containing agar-
ose gels (1.5%) and visualized under gel documentation
system.

Virus Isolation in Cell Culture

The primary cell culture of chicken embryo fibroblast
(CEF) was prepared and used for virus isolation. Briefly,
10-12 days old eggs were used for preparation of chicken
embryo fibroblast culture. The cells were disrupted for
muscular mass and further trypsinized for separation. The
CEF monolayer was prepared and incubated at 37 "C for
24 h. After this, triturated tissue extract was used for
infection of cells. Cytopathic effect (CPE) was observed till
6th day of post-inoculation of virus.

Sequencing and Phylogenetic Analysis

nPCR amplified products were gel purified using QIAquick
Gel Extraction Kit (Qiagen, the USA) and sequenced in
Automated genetic analyzer (ABI 3130XL) using Big-
Dye™ terminator v3.1 cycle sequencing kit (Applied
Biosystems, the USA). The sequence data were assembled
using BioEdit v7.2.5 program and subjected to BLASTn
and ClustalW analysis for comparison with other available
Meq gene sequences in Genbank. The contig sequences
were used for generation of deduced amino acid sequences
and nucleotide as well as deduced amino acid sequence
identities was calculated using BioEdit v7.2.5 program
[20]. Amino acid sequences were aligned with similar
sequences from GenBank (Table 2), and phylogenetic
analysis was performed using MEGA X program [21].

Results and Discussion
qPCR and nPCR

Of the 40 suspected liver samples, 32 were found positive
in TagMan probe-based qPCR with Ct value ranged from
17-36 (Fig. 1). Same samples were also screened using
nPCR, and only 27 samples were found positive and yiel-
ded correct sized amplicons of 583 bp in 26 samples and
763 bp of L-meq in one sample (Fig. 2). Moreover, the
real-time qPCR detected 80% (32/40) sample as positive
for MDV-1 with Meq gene-specific primer and probe.
However, 67.5% samples were found positive in nPCR
along with one long electropherotype. The details of the
result of qPCR and nPCR are given in Table 3. In previous
study, meq gene specific, SYBR Green-based real-time
PCR was developed to detect and quantify the MDV-1
from feather follicle which was found to be 2.5-10 times
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Table 2 Meq gene sequence of MDV-1 strains used for molecular phylogenetic study

S.N Strain Pathotype Country Accession number Reference

1 ABT/HSR/01-487 Virulent India JN808273.1 Isolate of present study
2 ABT/HSR/02-5129 Virulent India JN808275.1 Isolate of present study
3 ABT/HSR/03-5865 Virulent India JN808276.1 Isolate of present study
4 ABT/HSR/04-5924D Virulent India JIN808277.1 Isolate of present study
5 ABT/HSR/05-5924 Virulent India JN808278.1 Isolate of present study
6 ABT/HSR/06-5936 Virulent India JN808279.1 Isolate of present study
7 ABT/HSR/07-477 Virulent India JN808281.1 Isolate of present study
8 ABT/HSR/08-1512 Virulent India JN808282.1 Isolate of present study
9 ABT/HSR/09-2485 Virulent India JN808283.1 Isolate of present study
10 ABT/HSR/10-5936E Virulent India JN808284.1 Isolate of present study
11 ABT/HSR/11-5937 Virulent India JN808285.1 Isolate of present study
12 ABT/HSR/12-8613 Virulent India JN808286.1 Isolate of present study
13 ABT/HSR/13-13,587 Virulent India JIN808287.1 Isolate of present study
14 MD/HYD/18/016 Virulent India MK388087.1 Unpublished

15 MD/HYD/18/018 Virulent India MK388088.1 Unpublished

16 MD/HYD/18/019 Virulent India MK388089.1 Unpublished

17 MDV/Tur/2019 Virulent Turkey MN956505.1 Unpublished

18 KeralaMty-MD-mx-1f Virulent India MK639178.1 Unpublished

19 GADVASU-M3 Virulent India KY651233.1 Unpublished

20 LDH-3262 Virulent India KF895035.1 Unpublished

21 GaHV-2/Italy/Ck/487/15 Virulent Italy MK139660.1 Mescolini et al., 2019
22 RBI1B Virulent USA HM488349.1 Kumar et al., 2012

23 GA Virulent USA AF147806.2 Coussens and Velicer (1988)
24 571 Virulent USA AY362710.1 Shamblin et al., 2004
25 Js201801 Very virulent China MKO046676.1 Unpublished

26 LMS Very virulent China JQ314003.1 Cheng et al., 2012

27 MS57 Very virulent China HQ638145.1 Tian et al., 2011

28 WS03 Very virulent China HQ638152.1 Tian et al., 2011

29 YA Very virulent China HQ638156.1 Tian et al., 2011

30 N Very virulent + USA AY362718.1 Shamblin et al., 2004
31 RL Very virulent + USA AY362720.1 Shamblin et al., 2004
32 TK Very virulent + USA AY362721.1 Shamblin et al., 2004
33 X Very virulent + USA AY362724.1 Shamblin et al., 2004
34 648A Very virulent + USA AY362725.1 Shamblin et al., 2004
35 ABT/HSR/14-13,181 Mild virulent India JN808274.1 Our isolate

36 CVI988 (vaccine) Mild virulent Netherlands DQ530348.1 Spatz et al., 2007

37 814(vaccine) Mild virulent China JF742597.1 Zhang et al., 2012

38 CU-2 Mild virulent USA AY362708.1 Shamblin et al., 2004
39 IM102 Mild virulent USA HM488348.1 Kumar et al., 2012

more sensitive than the conventional PCR assay [22, 23].
Similarly, in other study the meq gene-based real-time PCR
was found 10-100 times more sensitive than conventional
PCR in diagnosis of MDV-1 [24]. Thus, real-time PCR
assay may be used as a reliable assay for monitoring the
MDV-1 infected birds. The real-time PCR assay can also
be used for both the epidemiological survey as well as

@ Springer

diagnostic purpose as they have capability to differentiate
and quantitate the vaccine and pathogenic strain of MDV-1
[10, 25]. Previous study had shown that some of the strains
of MDV-1 such as CVI988/R6 and JM possess L-meq
genes. It is well established that the L-meq gene is dis-
played in MDYV subpopulation only during the latent phase
of infection. Thus, it can be hypothesized that L-meq gene
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might have important role in maintenance of MDV latency
in host cells [26, 27].

Virus Isolation

All nested PCR positive samples (n = 27) were processed
for virus isolation; however, only seven (7) PCR positive
samples showed formation of clear plaque, i.e., an area of
cytopathic effect (CPE) with the aggregation of cells in
CEF culture at 5th day post-infection (Fig. 3). These pla-
ques were characteristics cytopathic effect (CPE) of Her-
pesvirus infection. Remaining samples did not show any
CPE in cell culture. The TagMan probe-based qPCR assay
further confirmed the presence of the genome of the MDV-
1 in all the harvested CPE producing cells as evident by Ct
value of 28-34. Hence, the sensitivity of virus isolation in
CEF was 25.9% (7/27). The details of the comparative

LA F < 583bp

result of qPCR, nPCR and virus isolation are given in
Table 3.

Nucleic Acid Sequencing and Sequence Analysis

A total of 14 nPCR amplicons including one long elec-
tropherotype were successfully sequenced and submitted to
NCBI GenBank with accession numbers JN808273.1 to
JN808279.1 and JN808281.1 to JN808287.1.Upon BlastN
similarity search, the present nucleotide sequences of meq
genes showed maximum similarity with meq gene
sequences from different regions of the world. The
nucleotide as well as deduced amino acid sequence iden-
tities of sequences in study along with other similar
sequences from GenBank showed that present field strains
belong to virulent and mild virulent strain of MDV-1
(Table 4). The neighbor-joining phylogenetic tree was
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Table 3 Results of different tests conducted for the screening of MDV-1

S.N Sample Id Nested PCR Real-time PCR Virus isolation
1 ABT/HSR/01-487 Positive Positive Positive
2 ABT/HSR/02-5129 Positive Positive Positive
3 ABT/HSR/03-5865 Positive Positive Negative
4 ABT/HSR/04-5924D Positive Positive Positive
5 ABT/HSR/05-5924 Positive Positive Positive
6 ABT/HSR/06-5936 Positive Positive Negative
7 ABT/HSR/07-477 Positive Positive Positive
8 ABT/HSR/08-1512 Positive Positive Negative
9 ABT/HSR/09-2485 Positive Positive Negative
10 ABT/HSR/10-5936E Positive Positive Negative
11 ABT/HSR/11-5937 Positive Positive Negative
12 ABT/HSR/12-8613 Positive Positive Positive
13 ABT/HSR/13-13,587 Positive Positive Positive
14 ABT/HSR/14-13,181 Positive Positive Negative
15 ABT/HSR/15 Positive Positive Negative
16 ABT/HSR/16 Positive Positive Negative
17 ABT/HSR/17 Positive Positive Negative
18 ABT/HSR/18 Positive Positive Negative
19 ABT/HSR/19 Positive Positive Negative
20 ABT/HSR/20 Positive Positive Negative
21 ABT/HSR/21 Positive Positive Negative
22 ABT/HSR/22 Positive Positive Negative
23 ABT/HSR/23 Positive Positive Negative
24 ABT/HSR/24 Positive Positive Negative
25 ABT/HSR/25 Positive Positive Negative
26 ABT/HSR/26 Positive Positive Negative
27 ABT/HSR/27 Positive Positive Negative
28 ABT/HSR/28 Negative Positive Negative
29 ABT/HSR/29 Negative Positive Negative
30 ABT/HSR/30 Negative Positive Negative
31 ABT/HSR/31 Negative Positive Negative
32 ABT/HSR/32 Negative Positive Negative
33 ABT/HSR/33 Negative Undetected Negative
34 ABT/HSR/34 Negative Undetected Negative
35 ABT/HSR/35 Negative Undetected Negative
36 ABT/HSR/36 Negative Undetected Negative
37 ABT/HSR/37 Negative Undetected Negative
38 ABT/HSR/38 Negative Undetected Negative
39 ABT/HSR/39 Negative Undetected Negative
40 ABT/HSR/40 Negative Undetected Negative

Fig. 3 Chicken embryo
fibroblast culture after 5th day
post-infection. A: Normal
confluent monolayer cell CEF
culture: MDV-1 Infected CEF
with characteristic CPE
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constructed using deduced amino acid sequences of meq
genes along with reference strain sequences from GenBank
database (Fig. 4). The amino acid sequence alignment
showed the wvariation in different strains of MDV-1
(Fig. 5).

The molecular characterization of MDV-1 has been
done by several authors, and it was proved that it can act as
molecular marker for profiling of MDV-1 [28, 29]. In
present study, percent identity of nucleotide as well as
deduced amino acid sequences of Indian strains of MDV-1
and similar sequences from GenBank were calculated
using Bioedit v7.2.5 program. Indian isolates ABT/HSR/
487, ABT/HSR/5865, ABT/HSR/5924D, ABT/HSR/5924,
ABT/HSR/5936, ABT/HSR/HSR477, ABT/HSR/
HSR1512, ABT/HSR/2485, ABT/HSR/5936E, ABT/HSR/
5937, ABT/HSR/8613 and ABT/HSR/13587 showed
maximum nucleotide (nt) as well as amino acid (aa)
identity of 99.6-100 (nt)/98.7-100(aa)% with reference
virulent strain viruses from the USA (RB1B, GA and 571)
[30] along with other virulent strains from India (MD/
HYD/18/016, MD/HYD/18/018, MD/HYD/18/019, Ker-
alaMty-MD-mx-1f, GADVASU-M3, LDH-3262), Turkey
(MDV/Tur/2019) and Italy (GaHV-2/Italy/Ck/487/15)
(Table 4). However, one of the Indian strains ABT/HSR/
5129 showed 99.1-99.5/98-99.3% nt/aa identity with vir-
ulent strain viruses (Table 4). Thus, results revealed the
high prevalence of virulent strains of MDV-1 in various
districts of Haryana state. Moreover, one of the strain ABT/
HSR/13181 showed maximum identity of 100/100 (nt/aa)
with mild virulent reference strains from the USA (CU-2)
and other USA strain (JM102) (Table 4). The strain ABT/
HSR/13181 also showed maximum identity of 100/100 (nt/
aa) with mild virulent vaccine strain viruses from China
(814) and the Netherlands (CVI988) (Table 4). This indi-
cated the close relationship of Indian ABT/HSR/13181
strain with vaccine viruses from the Netherland and China.
In India, mostly bivalent live attenuated MD cell-associ-
ated vaccine is used which consists of ~ 5000 PFU of
serotype 3 (HVT FC-126 strain) and ~ 3000 PFU of ser-
otype 2(SB1 strain) per dose grown on chick embryo
fibroblast cell culture. However, monovalent cell-free
freeze-dried vaccine consisting of ~ 5000 PFU of ser-
otype 3 (HVT FC-126 strain) is also in practice [11]. The
live attenuated CVI988/Rispens strain of MDV-1 is used as
gold standard vaccine globally [11]. It is much more effi-
cient than recombinant vaccine. It has successfully proved
its efficacy by decreasing the incidence of MD in poultry
flock in the USA. However, it is not yet allowed for MDV-
1 control among poultry flocks in India [11]. Therefore, it
might be hypothesized that mild virulent strain (ABT/HSR/
13181) had entered to Indian Territory somewhere in past
either through vaccinated live birds or their products.

The phylogenetic analysis of deduced amino acid
sequences revealed the four major clades, viz. virulent,
very virulent, very virulent + and mild virulent (Fig. 4).-
The strain ABT/HSR/13181  (Accession number
JN808274.1) was placed in mild virulent clad along with
reference strains CVI988 from the Netherlands and 814
from China and CU-2 and JM102 from the USA.
Remaining thirteen Indian strains were placed under viru-
lent clad along with reference strains RB1B, GA and 571
from the USA and other strains from different regions of
the world, viz. India (MD/HYD/18/016, MD/HYD/18/018,
MD/HYD/18/019, KeralaMty-MD-mx-1f, GADVASU-
M3, LDH-3262), Turkey (MDV/Tur/2019) and Italy
(GaHV-2/Italy/Ck/487/15). Thus, percent sequence iden-
tity as well as phylogenetic analysis revealed the virulent
strain as predominant strain and relatively low prevalence
of mild virulent strain of MDV-1 in India. The PCR fol-
lowed by nucleic acid sequencing also confirmed the out-
breaks of virulent and very virulent strains in Tamil Nadu,
Karnataka, Maharashtra and Andhra Pradesh state of India
[15]. Similarly, the pathotyping of MDV-1 in live chicken
birds also revealed the circulation of very virulent (Ind/TN/
12/03) and virulent (Ind/TN/11/01, Ind/KA/12/02) strains
in Southern Indian states [16].

Mutations in nucleotide sequence and corresponding
change in amino acid sequence of meq gene lead to
emergence of highly virulent oncogenic form of virus
which is responsible for lymphoblastoma in different vis-
ceral organs. The amino acid sequence alignment of partial
meq gene (142-286 aa) revealed the replacement of amino
acid P with Q in virulent ABT/HSR/5129 strain (Fig. 5).
There were no any changes detected in amino acid
sequences among the mild virulent strains. However, there
was an insertion of amino acid L was observed at position
146 in mild virulent strain (ABT/HSR/13181 and CU-2) in
comparison to reference virulent strain GA [30] (Fig. 5).
All the virulent strains showed 5 repeat regions of 4 pro-
lines (PPPP) residue at amino acid position 152-155,
175-178, 191-194, 216-219 and 232-235 positions which
is in coincidence with previous study[17]. 2018. However,
in mild virulent strains, an additional PPPP repeats were
observed at amino acid position 168—171 and that of at
position 175-178 was lacking due to deletion of four amino
acids PPPD at position 176-179. The number of repeats of
four prolines residues (PPPP) in meq gene usually ranges in
between two to eight which has already been correlated
with oncogenicity and virulence in MDV-1. It is reported
that most of the highly virulent strains of MDV-1 consist of
lesser number of repeats and vice versa. Several
researchers have identified 3—-5 repeats in of PPPP residues
in meq gene in Indian strains of MDV-1 [17]. Moreover, it
has already been established that interruption in the PPPP
repeats is associated with higher level of pathogenicity.
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Fig. 4 Neighbor-joining
phylogenetic tree showing
relationship between Indian
isolates of MDV-1with
reference strain viruses
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Most virulent strains possess higher number of interrup-
tions in PPPP repeats. In very virulent strain LMS [26]
from China two of the PPPP repeats was interrupted at
175-178 (at position 176 P — R) and 216-219 (at position
217 P — A). Similarly, in very virulent 4 strain N from
USA, three PPPP repeats were interrupted at 152—155 (at
position 153 P — Q), 175-178 (at position 176 P — A)
and 216-219 (at position 217 P — A). Previous study also
revealed that interruption in repeats of proline residues at
the second position increases the virulence and
pathogenicity of MDYV strains and highly virulent strains
possess higher number of interruptions in PPPP residues at
position 153, 176 and 276. The number of repeats in PPPP
residues was also reflected during phylogenetic study.
Virulent strains and mild virulent strains possessed five
repeats at different positions and formed separate

@ Springer
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individual clads. Similarly, very virulent and very viru-
lent + strains possessed three and two repeats, respec-
tively, and formed separate individual clads (Fig. 4).

In spite of intensive vaccination, still severe outbreaks
of MDV-1 leading to huge economic losses are reported
from India [12, 17]. Therefore, molecular characterization
of MDV-1 is essential for monitoring the changes in gen-
ome of viruses and evaluating the effectiveness of existing
vaccines. Recently, monovalent (HVT) or bivalent (SB-1
and HVT) strains are used as vaccine for the control of
virulent strains of MDV-1. Moreover, there is a paradigm
shift in clinical manifestation of diseases from classical or
paralytic form to an acute lymphomatosis in the affected
birds is also reported which might be attributed to emer-
gence of highly virulent MDV-1 strains.



Isolation and Molecular Characterization of MDV-1 from Vaccinated Poultry Birds in Haryana State of... 689

AF147806.GA.USA
JN808273.ABT/HSR/487.India
JN808275.ABT/HSR/5129.India
JN808276 .ABT/HSR/5865.India
JN808277 .ABT/HSR/5924D.India
JN808278 .ABT/HSR/5924 .India
JN808279.ABT/HSR/5936.India
JN808281.ABT/HSR/HSR477.India
JN808282 .ABT/HSR/HSR1512.India
JN808283.ABT/HSR/2485.India
JN808284 .ABT/HSR/5936E.India
JN808285.ABT/HSR/5937.India
JN808286.ABT/HSR/8613.India
JN808287 .ABT/HSR/13587.India
JQ314003.1LMS.China
AY362718.N.USA

JN808274 .ABT/HSR/13181.India
AY362708.CU-2.USA

Clustal Consensus

AF147806.GA.USA
JN808273.ABT/HSR/487.India
JN808275.ABT/HSR/5129.India
JN808276.ABT/HSR/5865.India
JN808277 .ABT/HSR/5924D.India
JN808278 .ABT/HSR/5924.India
JN808279.ABT/HSR/5936.India
JN808281.ABT/HSR/HSR477.India
JN808282.ABT/HSR/HSR1512.India
JN808283.ABT/HSR/2485.India
JN808284 .ABT/HSR/5936E.India
JN808285.ABT/HSR/5937.India
JN808286 .ABT/HSR/8613.India
JN808287 .ABT/HSR/13587.India
JQ314003.1LMS.China
AY362718.N.USA

JN808274 .ABT/HSR/13181.India
AY362708.CU-2.USA

Clustal Consensus

150

160 170 180 190 200 210 220
leveelovecleceeloneelonaleneelocealocealenealocealenaaleeeals

DPVH-EPPICT

[5)
L®)

S
T

PPP

PRE.LC.QL..TPP. .[.s.|.-—=-HIFvAPG. .. .| ... ... ...
.p2E.LC.QL. .TPP. .|.s.[.-—---HIFYAPG. .. |

PDEPNAPHCSGESQPHICTPPPPDFEELCAQLCSTPPPPLSTPHIIYAPGPSPLQPPICTPPPPD

ik * * %k * kfk | Kk L. hkkkpekkkpekkkkhkkhhkkkhkkkhkk ke kkpe

B OL: 0506 5005150 508 5 050 ¢ Bl 8 GEiE s B

240 250 260 270 280
| it 8 il 8 e 8 s | i 3 g o [ % s | i 2 o2 2 o [l s § i

IPPPP)

I CTPHSLFCPPQPPSPEGIFPALAPVTEPCTPPSPGTVYAQLCPVGQAPLFE

% % % % %k Kk Kk k Kk k k|

Pk % % %

ekkkdkhkhhkhhkhhhhdhhdhdhdhhdhd Prkhkhkhhhhhhkhhhdr khkdkhkdhk

Fig. 5 Multiple sequence alignment of meq gene amino acid sequences of MDV-1 strains

Conclusion

The present study demonstrated real-time PCR as most
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