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Abstract

Newcastle disease virus (NDV) is an avian paramyxovirus that causes significant economic losses to the poultry industry in
most parts of the world. The susceptibility of a wide variety of avian species coupled with synanthropic bird reservoirs has
contributed to the vast genomic diversity of this virus as well as diagnostic failures. Since the first panzootic in 1926,
Newcastle disease (ND) became enzootic in India with recurrent outbreaks in multiple avian species. The genetic
characteristics of circulating strains in India, however, are largely unknown. To understand the nature of NDV genotypes in
India, we characterized two representative strains isolated 13 years apart from a chicken and a pigeon by complete genome
sequence analysis and pathotyping. The viruses were characterized as velogenic by pathogenicity indices devised to
distinguish these strains. The genome length was 15,186 nucleotides (nt) and consisted of six non-overlapping genes, with
conserved and complementary 39 leader and 59 trailer regions, conserved gene starts, gene stops, and intergenic sequences
similar to those in avian paramyxovirus 1 (APMV-1) strains. Matrix gene sequence analysis grouped the pigeon isolate with
APMV-1 strains. Phylogeny based on the fusion (F), and hemagglutinin (HN) genes and complete genome sequence
grouped these viruses into genotype IV. Genotype IV strains are considered to have ‘‘died out’’ after the first panzootic
(1926–1960) of ND. But, our results suggest that there is persistence of genotype IV strains in India.
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Introduction

Newcastle disease (ND) is one of the most economically

important and prevalent poultry diseases around the world.

Newcastle disease virus (NDV), the prototype avian paramyxovi-

rus serotype 1 (APMV-1), belongs to the genus Avulavirus, in the

family Paramyxoviridae and is the causative agent of ND [1]. NDV

has a negative sense, single stranded RNA genome of approxi-

mately 15 kb that contains six genes in the order of 39-NP-P-M-

F.HN-L-59coding for the nucleocapsid protein (NP), phosphopro-

tein (P), matrix protein (M), fusion protein (F), an attachment

protein, the haemagglutinin-neuraminidase (HN), and a large

polymerase protein (L) [2]. Two additional proteins, V and W are

derived from the P gene by a process called RNA editing [3].

The key contributor to APMV-1 pathogenicity is the formation

of an active fusion protein upon cleavage of the F protein

precursor (Fo) as well as the presence of a number of basic residues

in the fusion protein cleavage site (FPCS) [4,5]. Although APMV-

1 is considered to belong to single serotype, antigenic and genetic

diversity have been recognized [6,7,9]. There are two different

systems of classifying NDV genotypes based on the FPCS

sequence with nominal discrepancies. The first system classifies

NDV in to 6 lineages with 13 sub-lineages [7] and three additional

sublineages were added later [8]. The second system divides NDV

into class I (with 9 genotypes) and class II (with 11 genotypes) [7].

APMV-I strains have at least three genome lengths: 15,186,

15,192, and 15,198 nt [10]. The class I viruses with a genome size

of 15,198-nt are distributed worldwide in wild birds and generally

avirulent to chickens and have also been isolated from live bird

market samples [7,11]. The class II viruses include most virulent

and some avirulent and vaccine viruses [10].

Class-II NDV of multiple genotypes has been shown to circulate

worldwide [12]. The genotype I, II, III and IV strains are

responsible for the first panzootic during 1920 to 1960s [13], while

strains of genotype V and VI resulted in the second panzootic in

Europe during the late 1960s [14]. The subtype VIb from pigeons

with its likely origin from Middle East was responsible for the third

panzootic during the 1980s [15]. The VII and VIII genotypes

resulted in recent panzootics in Far East, Europe and South Africa

since 1980s [16,17]. Of the known genotypes, the viruses that

originated before 1960s have a genome length of 15,186-nt and

are also termed early genotypes, while the recent genotypes

(originated after 1960s) possess a genome length of 15,192-nt [10].

Residue substitutions G124S and K192N in the F gene of the
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ancient genotypes III and IV viruses resulted in the evolution of

genotype I viruses, which further became genotype II viruses by

additional L69M and D82E substitutions in the same gene [18].

Antigenic analysis of Indian NDV isolates with monoclonal

antibodies indicated that there are unusual antigenic types in

circulation India extending support for vaccine failures [19,20].

However, the molecular characteristics of circulating NDV strains

in India are largely unknown. Earlier reports on different NDV

isolates from India have not attempted to genotype the viruses

[19,20,21]. However, circulation of multiple genotypes of NDV in

India has been recently reported based on the FPCS [22]. In this

study, we performed genotypic and pathotypic characterization of

two isolates of NDV recovered 13 years apart from two different

avian species (chicken and pigeon) to infer the nature of circulating

genotypes in India. Our results indicate that there is a continuous

persistence of genotype IV strains in India.

Materials and Methods

Virus strains and pathogenicity
The NDV2 and NDV-2K3 viruses were isolated from a pooled

homogenate of spleen and brain of a chicken in the year 1987 and

a pigeon in the year 2000, respectively. The chicken isolate was

from a commercial layer flock experiencing diarrhoea and

lethargy. Petechial haemorrhages in the proventriculus and ulcers

in the intestine were observed in affected birds. The pigeon was a

free-range bird found dull and lethargic with neurological signs.

The viruses were isolated and purified by the limiting dilution

method in 10-day-old specific-pathogen-free (SPF) embryonated

chicken eggs (ECE) using standard procedures [23]. The virus

identity was confirmed by haemagglutination-inhibition (HI) assay

with polyclonal chicken antiserum to NDV and also by reverse

transcription-polymerase chain reaction (RT-PCR) of the FPCS

sequence [24]. The mean death time (MDT), intracerebral

pathogenicity index (ICPI) and the ability to agglutinate chicken

and equine erythrocytes were determined using standard proce-

dures devised to distinguish these viruses [25,26].

RNA isolation and whole genome sequencing
RNA was extracted from two different pools of allantoic fluid; the

cDNA was synthesized with superscript III RT mix (Invitrogen, CA)

and sequencing of the complete genome of NDV-2K3 and NDV2

was performed with thirty six primer pairs similar to those reported

in an earlier study [27] using high fidelity Taq DNA polymerase

supermix (Invitrogen, CA). Some of the primer sequences were

modified by inosine substitution based on the consensus sequence

obtained by multiple sequence alignment of published NDV

sequences (GenBank: EU293194, DQ060053, AY845500 and

AF309418) (Table S1). The leader (39end) and trailer (59end)

regions were generated by rapid amplification of cDNA ends

(RACE) procedure, as described [28]. Sequencing of the different

fragments was achieved with Big-Dye terminator v 3.1 kit (Applied

biosystems, USA) for atleast three clones with both the forward and

reverse primers to ensure a consensus and repeatable sequence data.

Sequence analysis
The complete genome sequences of NDV-2K3 and NDV2 were

obtained using the SeqMan module of the Lasergene V 7.1

(DNASTAR Inc, WI). Multiple alignment of the complete genome,

the 374 bp sequence surrounding the FPCS and the M gene with

corresponding sequences from GenBank were performed using

ClustalW in MEGA 5.0 [29]. The GenBank accession number,

country of origin and the genotype of NDV used in this study are

described in Table S2. Following multiple alignment, the Bayesian

Information Criterion (BIC), maximum likelihood values and

Akaike Information Criterion corrected (AICc) scores were also

determined for the maximum likelihood fits based on the data

specific model to generate the phylogenetic tree and also to

determine the genotype. The percentage identity and diversity for

the respective coding regions, whole genome, leader and trailer

were estimated using the MegAlign module of Lasergene V 7.1.

Results

Pathogenicity
The NDV-2K3 and NDV2 strains had a MDT of 40 and

46 hrs, while the ICPI values in chickens were 1.98 and 1.62,

respectively, confirming the velogenic nature of these two viruses.

The NDV-2 strain agglutinated only chicken but not equine

erythrocytes while NDV-2K3 strain from pigeons agglutinated

both chicken and equine erythrocytes.

Table 2. Genotype specific amino acid substitution in the deduced Fusion protein sequences.

Genotype Consensus amino acid and its position in the fusion protein

11
(V)

16
(T)

22
(E)

69
(M)*

81
(L)

82
(E)*

121
(I)*

192
(K)*

269
(I)

288
(T)*

358
(G)

385
(T)

402
(A)

479
(D)

516
(I)

520
(V)

524
(Y)

530
(K)

550
(T)

553
(M)

Genotype I - - - - - - - - - - - - - - - - - - - -

Genotype II A - V L - D - - - - - - V N - I - - - -

Genotype III - - A - - - - N - - - - - - - - - - - -

Genotype IV Ac Ib Tb - - - Vc N Vc Nc Sc Ab Vc Na AcVa Ac Hc Rc Ac Ib

Genotype IX A - A - - - - N - - - - - - - - - - - -

Genotype XI I - A - V - - - - - - - - N V - - - - I

*Genotype specific residue positions already reported (Yu et al., 2001).
aResidues at the indicated positions in classical genotype IV strains – Italian (EU293914) and Herts’33 (Ay741404).
bResidues at the indicated positions only in both the Indian and the classical genotype IV strains.
cResidues at the indicated positions found in genotype IV strains from India - NDV-2K3 (FJ986192) and NDV2 (GU187941) and not in the classical genotype IV virus.
N Eventhough the genotype XI strains groups in the same clade along with genotype IV there were several residues positions that were unique.
N Substitutions L69M and D82E reported for evolution of the genotype II (bold faced).
N The residue substitutions (V to A, A to V & D to N respectively) at positions 11, 402 & 479 respectively in Indian genotype IV strains are also observed in genotype II strains.
N Substitution V121I reported for the evolution of VIIb (bold italic).
doi:10.1371/journal.pone.0028414.t002
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Sequence characteristics of the whole genome and
phylogenetic analysis

The accession numbers for the complete genome sequences of

NDV-2K3 and NDV2 are FJ986192 and GU187941, respectively.

The genome lengths were 15,186 nucleotides (nt) similar to the

reported length of most NDV strains from ‘early’ genotypes

(1930–1960). The complete genome of these two strains also

exhibited a very low divergence (4.1 to 7.2%) with the classical

Figure 1. Phylogenetic relationship of Pigeon isolate NDV-2K3/Pi/2000/IND (FJ986192) and Chicken isolate NDV2/Ch/1987/IND
(GU187941) from Tamil Nadu, India based on the 374-nucleotide sequence of the Fusion protein gene. A: A rooted consensus tree
drawn to scale with 70% cut off value was obtained with the evolutionary history inferred by using the Maximum Likelihood method based a discrete
gamma distribution model with evolutionary rate differences among sites, that also allowed some sites to be evolutionarily invariable (GTR+G+I)
using MEGA5. Note: The NDV-2K3 (FJ986192) and NDV-2 (GU18794) from India (boxed) groups itself with Herts’33 (AY741404), Italian (EU293914) and
other Bulgarian isolates in Genotype IV. The Class I APMV viruses (FJ794269, AB524405, AB524406 & AB534205) remain as an outgroup. B: An
unrooted tree to show the relationship of 374 bp fusion protein gene of NDV-2K3 (FJ986192) and NDV-2 (GU187941) from Tamil Nadu, India with the
other reported Genotype IV NDV strains from GenBank. Note: NDV-2K3 and NDV-2 from India groups with the Bulgarian genotype IV isolates
(AF402111, AF402114 and AF402120). The percentage identity and divergence of the Indian isolates with these Bulgarian isolates are shown in the
insert.
doi:10.1371/journal.pone.0028414.g001
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Figure 2. Phylogenetic analysis of the Matrix gene of the Pigeon isolate NDV-2K3/Pi/2000/IND (FJ986192) and Chicken isolate NDV-
2/Ch/1987/IND (GU187941) Tamil Nadu, India. The assembly of the matrix sequences was performed using the Clustal W algorithm in MEGA 5.
Sequences of previously published matrix sequences of NDV strains representing different genotypes have been included from the GenBank with
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genotype IV strains than with the genotype II vaccine strains such

as LaSota used in India. The length of the 39 leader and 59 trailer

were 55 and 114 nt, respectively as reported for most NDV

strains. The 59 trailer also revealed a high level of conservation

with the genotype IV strains (89.5 to 92.6%) while the level of

divergence was higher with the vaccine strains such as Lasota, B1

and Mukteswar.

The gene order of 39- N-P-M-F-HN-L-59 coding from six open

reading frames was similar to other APMV-1 strains. Comparisons

of the different proteins with corresponding NDV strains with

significant similarity and with common vaccine strains are shown

in Table 1. The Indian strains had greater identity with the

cognate proteins of well-characterized genotype IV NDV strains

namely, Herts’33 and Italien than with the commonly used

vaccine strains (Table 1). The divergence percentage across

different proteins ranged from 0 to 8.9% with the N and L genes

exhibiting higher similarity (96.4 to 100%) with genotype IV

viruses.

The deduced amino acid sequence of full-length F protein

showed only a divergence of 5.2 to 6.0% with genotype IV strains,

while the divergence ranged from 8 to 10.5% with currently used

vaccine strains. The FPCS sequence had four basic amino acids
112 R-R-Q-R-R116 with a leucine (L) or a phenylalanine (F) residue

at 117, respectively, in NDV-2K3 and NDV2. A C25W

substitution compared to classical genotype IV strains was noticed

while other cysteine residues were invariant in Indian genotype IV

strains. The substitutions at positions T16I, V22T, A203T,

T385A, K421R & M553I were unique to both Indian and the

classical genotype IV viruses (Table 2). Both NDV-2K3 and

NDV2 had unique substitutions at I121V, I269V, T288N, G358S,

I516A, I520A, Y524H, K539R and T550A. In addition, NDV2

strain showed L117F, and T131P substitutions while NDV-2K3

showed and G124S substitution in the fusion peptide (Table S3).

The L69M and D82E substitutions unique for genotype II viruses

[18] were absent in the two Indian strains examined.

With reference to HN, different amino acid sequence lengths of

571, 577, 581 and 616 has been reported for different NDV strains

[30]. The predicted length of the HN protein of NDV-2K3 and

NDV2 was 571 amino acids, which is a common feature of most

virulent NDV strains [12,30]. The Indian strains possessed a

R516M substitution in the sialic acid binding site [31] and the

neutralizing epitopes revealed D494N, V517D, S519G, S520Q

and S521I substitutions compared to the classical genotype IV

strains [32,33,34]. The other amino acid residues that have been

identified to play different roles to the function of HN protein

remain unchanged (Table S4).

A discrete gamma distribution model with evolutionary rate

differences among sites, that also allowed some sites to be

evolutionarily invariable (GTR+G+I) was found to be the best fit

due to the lowest AICc score and BIC value for the phylogenetic

analysis (374 bp F gene, matrix gene and the whole genome). The

Indian strains grouped together with the ‘old’ genotype IV strains

(Herts’33 and Italien or Bulgarian genotype IV strains) by

phylogenetic analysis of the 374 bp of the F gene surrounding

the FPCS (Figure 1). The topology of the phylogenetic tree and the

grouping of the Indian strains remained the same when the full-

length M gene and the whole genome sequences were compared

with the sequences belonging to different genotypes from the

GenBank (Figure 2 and Figure 3).

Discussion

In this study, two NDV isolates recovered 13 years apart from a

chicken and a pigeon from the southern part of India (Tamil

Nadu) were genotypically and pathotyopically characterized. Both

strains had a genome size of 15186 nt as that of the early NDV

genotypes. Residue substitution analysis indicated that the Indian

strains exhibited a very low divergence (0 to 8.9%) with genotype

IV viruses than genotype II vaccine strains across the coding

regions of different proteins. The Indian strains also clustered with

genotype IV viruses (Herts’33 and Italien) when phylogenetic

analysis was performed on 374 bp of the F gene or the full-length

M gene or the complete genome, providing a strong evidence for

the persistence of ‘genotype IV’ NDV strains in India. There have

been no reports of this genotype to the GenBank database since

1989 from any part of the world [12], further confirming that the

origin of this genotype in India is indigenous.

Most of the NDV strains isolated from pigeons do not result in

significant disease in poultry and are considered mesogenic due to

their ICPI values of 0.7 to 1.5 in chickens [35–36]. Also, typical

pigeon isolates of virulent NDV (vNDV) producing neurological

signs have been shown to be variants of genotype VIb with specific

monoclonal antibody patterns and do not agglutinate chicken red

blood cells (RBCs) [35] and hence classified as pigeon paramyxo-

virus-1 (PPMV-1) [36]. In this connection, the conserved M

protein sequence analysis has been reliably used to differentiate the

PPMV-1 and APMV-1 in earlier studies [37,38,39,40]. Therefore,

we have also used the phylogeny based on M gene sequence to

classify and differentiate the nature of the NDV strain from

pigeons. Analysis of the M gene sequence of NDV-2K3 isolate

indicated its relatedness with Herts’33 and Italian isolate

(AF124442 and EU293194) and agreed with an earlier report

that NDV isolates from pigeons or doves also grouped with

APMV-1 isolates from other species [39]. Also, the NDV2K3

strain agglutinated chicken and equine erythrocytes. Erythrocytes

from chickens and humans contain only N-acetyl sialic acid

(NeuAc) linked to galactose by alpha 2–3 and 2–6 linkages,

whereas those from horses contain only N-glycolyl sialic acid

(NeuGc) linked by alpha 2–3 linkages [41]. NDV strains from wild

waterfowl agglutinated erythrocytes from all sources. By contrast,

chicken isolates agglutinated erythrocytes from chicken and cow,

but not those from horse and pig, with the exception of Ulster

strain, which agglutinated pig erythrocytes [42,43]. Direct analysis

of receptor specificity of isolates from chicken and other aves using

specific glycoconjugates is required for understanding these

structural variations. The velogenic nature of the NDV-2K3

to chickens also suggests that NDV-2K3 is APMV-1 and not

PPMV-1.

The molecular determinant of NDV pathogenicity in chickens is

considered to be the FPCS sequence [24,44,45]. Velogenic and

mesogenic strains possess a multibasic FPCS followed by

phenylalanine at position 117 (R-X-K/R-RQ F) [45]. Isolates

lacking this motif have been shown to replicate only in the

respiratory tract or gut of poultry and do not infect neural tissues

[46]. However, recent analysis of the complete genome sequence

their accession numbers. A rooted consensus tree drawn to scale with 70% cut off value was obtained with the evolutionary history inferred by using
the Maximum Likelihood method based a discrete gamma distribution model with evolutionary rate differences among sites, that also allowed some
sites to be evolutionarily invariable (GTR+G+I) using MEGA5. Note: The NDV-2K3 (FJ986192) and NDV-2 (GU18794) from India (boxed) groups itself
with Herts’33 (AY741404), Italian (EU293914) even when the full-length matrix gene was utilized for the analysis. The Class I APMV viruses (FJ794269,
AB524405, AB524406 & AB534205) remain as an outgroup.
doi:10.1371/journal.pone.0028414.g002
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of other APMV serotypes 2 through 9 and reverse genetic studies

prove that the FPCS alone cannot confer virulence to an otherwise

avirulent strain [47,48]. NDV-2K3 and NDV2 had four basic

amino acids 112 R-R-Q-R-R116 with leucine (L) or a phenylalanine

(F) at position 117, respectively. Due to the absence of

phenylalanine at 117 in the F protein of NDV-2K3, there might

be other genome features such as the HN residues [49] that could

have been responsible for the neurological signs in the pigeon

noticed before death. Presence of a polybasic motif has been

shown to increase the ICPI from 0.0 to 1.28. Along with these

residues, the presence of arginine at 27 of F protein and cysteine at

123 of HN has also been shown to increase the ICPI to 1.5 [30]. A

recent report also shows the mutation of the conserved 526

Tyrosine (Y) residue of HN reduced the neuraminidase, receptor

binding and fusion activities as well attenuated the virulence of the

virus to ECE and young birds [47] Thus, the presence of arginine

(at 27 of F) and cysteine and tyrosine (in 123 and 526, respectively

of HN) could also have contributed to the biological characteristics

of the NDV-2K3 and NDV2 strains. Recent studies with L-

chimeric viruses also have shown the contribution of L gene for the

increased replication of the virus in-vitro and in-vivo [48]. The L

protein amino acid sequence of NDV-2K3 and NDV2 also

showed greater similarity (96.9 to 100%) to the Italian and

Herts’33 strains, which could have been responsible for greater

virulence of these isolates.

NDV genotypes II, III and IV have been reported to be

responsible for the first panzootic of ND before the 1960s [16],

with each genotype being restricted to a specific geographical area

[50]. Genotype IV viruses, belonging to one of the ancient

genotypes, were removed from the circulation in many parts of the

world and the last reported genotype IV isolate was from Europe

[10]. Intriguingly, genotype IV viruses were isolated in India in

1987 and 2000, suggesting that they are probably in circulation in

India. The presence of this genotype in India was unknown earlier

as there have been no efforts on genotyping of NDV, but others

and we have recorded epizootic types of NDV in circulation based

on monoclonal antibody typing [19,20] and multiple genotypes

based on the FPCS, recently [22]. The conventional vaccine

strains used in India such as ‘‘Fuller’’ and ‘‘LaSota’’ belong to

genotype II [12]. The other most commonly used vaccine strain in

India the ‘‘Mukteswar’’, which was reportedly derived from an

Indian field isolate in 1940s, has been recently characterized as

belonging to genotype III and is closely related to the Hertford-

shire vaccine strain [51]. The two genotype IV Indian viruses had

greater divergence to the commonly used vaccine strains such as

LaSota. It has been recently reported that NDV vaccines

formulated to be phylogenetically closer to the outbreak virus

may provide a better ND control by reducing virus shedding and

transmission from infected birds. There have been several reports

suggesting that vaccination against NDV although protects against

clinical disease, it fails to protect against virus shedding when

challenged with heterologous genotypes [52,53]. Therefore, it is

quite possible conventional genotype II virus vaccines may not

reduce transmission of genotype IV viruses in India allowing for

continued circulation. Therefore, the risk of persistence or

circulation of other genotypes than genotype II (LaSota and

Fuller) and genotype III (Muketswar) vaccine strain is imminent.

Further, the circulation of genotype IV viruses in free-range

pigeons suggests the possibility of a reservoir in wild pigeons and

possibly other aves [22] with periodic spillage into commercial

chicken operations. From the results of our study, it could be

concluded that more than one genotype of virulent NDVs

including the ancient genotype IV viruses have been co-circulating

in India.

Ethics Statement
All animal work has been conducted in accordance with

guidelines and approval of the Institutional animal ethical

clearance committee of the Tamil Nadu Veterinary and Animal

Sciences University, Chennai, India (approval# 1070/IAEC/

AS2/DR/2006).

Supporting Information

Table S1 Oligonucleotide primers used to generate the
overlapping amplicons encompassing the genome of
NDV-2K3 ((FJ986192) and NDV2 (GU187941).

(DOC)

Table S2 Data on the NDV strains and sequences from
the GenBank that has been used for analysis in this
study.

(DOC)

Table S3 Comparison of amino acid substitutions in the
important residues of the Fusion protein of NDV-2K3
(FJ986192) and NDV2 (GU187941) and other Vaccine
Strains.

(PDF)

Table S4 Comparison of amino acid substitutions in the
important residues of the HN protein of NDV-2K3
(FJ986192) and NDV2 (GU187941) and other Vaccine
Strains.

(PDF)

Acknowledgments

The authors thank members of the Elankumaran and Kumanan’s

laboratory for technical help.

Author Contributions

Conceived and designed the experiments: KK KGT SE. Performed the

experiments: KGT SK MKV. Analyzed the data: KGT MKV SE.

Contributed reagents/materials/analysis tools: KK SE. Wrote the paper:

KGT KK SE. Participated in the multiple alignments and selected the

primers that were used in the study: KGT KV MKV. Participated in the

generation of overlapping fragments as well as alignment of the sequences:

KGT SK MKV. Involved in sequencing the trailer and leader by RACE:

KGT MKV KK SE. Involved in phylogenetic evaluation: KGT MKV

SE. Read and approved the final manuscript: KGT SK MKV KV KK

SE.

Figure 3. Phylogenetic analysis of the complete genome of Pigeon isolate NDV-2K3/Pi/2000/IND (FJ986192) and Chicken isolate
NDV-2/Ch/1987/IND (GU187941) Tamil Nadu, India. The whole genome sequence of NDV strain 2K3/Chennai/Tamil Nadu (FJ986192) and
NDV-2/Chicken/Namakkal/ Tamil Nadu (GU187941) was aligned with other NDV strain sequences from GenBank representing different genotypes
using the Clustal W algorithm in MEGA 5.0. A rooted consensus tree drawn to scale with 70% cut off value was obtained with the evolutionary history
inferred by using the Maximum Likelihood method based a discrete gamma distribution model with evolutionary rate differences among sites, that
also allowed some sites to be evolutionarily invariable (GTR+G+I) using MEGA5. Note: The NDV-2K3 (FJ986192) and NDV-2 (GU18794) from India
(boxed) groups itself with Herts’33 (AY741404), Italien (EU293914) even when the full-length genome was used for the analysis. The Class I APMV
viruses (FJ794269, AB524405, AB524406 & AB534205) remained as outgroup.
doi:10.1371/journal.pone.0028414.g003
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