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Abstract Human respiratory syncytial virus (hRSV) is
the most common viral pathogen of acute lower respiratory
tract infection in infants and young children. The G protein
of hRSV is the trans-membrane glycoprotein that is
involved in the attachment of virion with the host cell. The
nasopharyngeal aspirates were subjected to RT-PCR for the
second hypervariable region of the G protein gene in the
present investigation. Sequencing and phylogenetic analy-
sis revealed that all the study strains clustered within the
BA genotype. The study sequences further clustered in BA-
9, BA-7, BA-10 and BA-12 subgroups within the BA
genotype. The G proteins of the study sequences were
predicted to encode 312 and 319 amino acids. Three dif-
ferent N-linked glycosylation sites were observed in the
deduced 93-100 amino acid region. There were 40-43
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serine and threonine residues that are the potential O-linked
glycosylation sites. The non-synonymous/synonymous
(dN/dS) ratio was less than one indicating negative selec-
tion pressure for amino acid change in the analyzed region
of the G protein. The present investigation provides
information on circulating strains of BA genotype from
New Delhi, India. Further elaborate investigations of the
BA viruses from different regions of the world will
establish the basis of the rapid global spread and evolu-
tionary pattern of this expanding genotype.

Keywords BA genotype - G protein gene - Human
respiratory syncytial virus - Phylogenetic analysis

Introduction

Human respiratory syncytial virus (hRSV) is one of the
most frequently identified pathogen of acute lower respi-
ratory tract infections in children [13]. The G protein of
hRSV is the transmembrane glycoprotein that is responsi-
ble for attachment of virion to the host cell. The G protein
is one of the targets of host immune response and thus a
vaccine candidate. hRSV group B strains have been clas-
sified into 13 reported genotypes GB1, GB2, GB3, GB4,
SABI1, SAB2, SAB3, SAB4, URUI1, URU2, JABI, CBl1
and BA [5, 8, 9, 21, 23, 25]. The BA genotype has 60
nucleotide duplication in the second hypervariable region
of the G protein gene. This genotype was first detected in
Buenos Aires in South America in 1999 [20]. Subse-
quently, this genotype was reported from various geo-
graphical regions such as USA, Japan, Denmark, Canada,
United Kingdom, China, Korea, Croatia, Iran, Saudi Ara-
bia, India, New Zealand, South Africa, Brazil [2-4, 6, 9,
12, 15, 16, 19, 20, 22, 26]. Worldwide rapid dissemination
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of this genotype suggests that it has a selective advantage
over other genotypes of hRSV [20].

Relatively few studies have reported genetic diversity of
BA viruses from India [3, 7, 15, 16]. In the present
investigation, we have carried out a retrospective molecu-
lar and phylogenetic analysis of the circulating strain of the
BA genotype from New Delhi, India. Information about the
circulating strains of RSV will assist in vaccine develop-
ment efforts. In addition, these epidemiological studies will
provide information on the evolution of this emerging viral
pathogen.

Materials and methods
Clinical samples

An aliquot of thirteen NPAs (nasopharyngeal aspirates)
positive for group B hRSV by N gene PCR was used for
the present study. The newborns from four rural villages
viz Dayalpur, Dayalpur colony, Khera and Phaphunda in
Ballabgarh, Haryana near Delhi were enrolled in the pre-
sent study from 2007 to 2010. Weekly visits were made by
the Medical Officers and field workers to all the villages to
identify acute lower respiratory tract infection (ALRI)
episodes in enrolled children. The clinical samples were
collected from enrolled children <5 years of age with
ALRI symptoms and ALRIs were classified according to
WHO criteria [24]. The epidemiological details of this
study is being reported in another publication. Approval
was obtained for the study from the Institutional Ethics
Committee, All India Institute of Medical Sciences
(AIIMS). Clinical specimens were collected after obtaining
written consent from the parents/guardians of the enrolled
children.

RNA extraction and cDNA synthesis

RNA from the clinical samples was extracted with RNeasy
mini Kit (Qiagen, GmbH, Germany) as per the manufac-
turer’s instructions. The eluted RNA was incubated at
65 °C for 10—15 min and snap chilled on ice. First strand
cDNA was synthesized using 100 U Moloney Murine
leukemia virus reverse transcriptase (MuMLV-RT H-)
(Sibenzyme, Novosibirsk, Russia), 250 ng random hex-
amers (Promega, Madison, WI, USA), 1 mM dNTPs
(Promega, Madison, WI, USA), four units of RNAsin
(Promega, Madison, WI, USA) and 7 pl of RNA in 12.5 pl
reaction volume. Reverse transcription reaction was carried
out by incubation at 37 °C for 1 h 30 min followed by
enzyme inactivation at 65 °C for 10 min and snap chilling
on ice.

PCR for G protein gene of hRSV

External and semi-nested rounds of PCR for partial G
protein gene amplification were carried out with cDNAs
using published protocol from our laboratory [15, 16].

DNA Sequencing

The PCR products were purified using mini-elute gel
extraction kit (Qiagen, GmbH, Germany). The purified
amplicons were cycle sequenced in forward and reverse
directions using Big Dye Terminator kit (v 3.1, ABI, USA).
The nested set of primers BG517 and F164 were used as
forward and reverse primers respectively, for the sequence
determination of partial G protein genes. Sequencing
reaction products were cleaned up with 3 M sodium acetate
(pH4.8) and 125 mM EDTA as per the manufacturer’s
instructions and loaded to ABI genetic analyzer 310 (Ap-
plied Bio systems Inc., Foster City, CA, USA).

Sequence editing and alignment

Sequence electropherograms were analyzed using Chromas
software (version 1.5) and BioEdit version 7.0.0 was used to
resolve nucleotide ambiguities. Sequences were handled,
edited and formatted using Genedoc version 2.6.002.
Sequence similarities of study sequences were achieved by
NCBI-BLAST tool (http://www.ncbi.nlm.nih.gov/BLAST/).

Phylogenetic analysis

The nucleotide sequences spanned 655-900 bp of proto-
type BA strain (BA/4128/99B; GenBank accession number
AY333364) [20]. The study sequences were aligned with
the sequences downloaded from GenBank (Supplementary
Table 1) using CLUSTAL X (version 1.83) software.
Phylogenetic and molecular evolutionary analysis was
conducted using MEGA version 6.0. The evolutionary
history was inferred by using the Maximum Likelihood
method based on the Kimura-2 parameter model. The
statistical significance of tree topology was tested with
bootstrapping (1000 replicas).

Synonymous and non-synonymous mutations

Synonymous and non-synonymous mutations were ana-
lyzed by Nei and Gojobori method [14]. The program,
SNAP (Synonymous/Non-synonymous Analysis Program)
provided by the HIV database web site (http://www.hiv.
lanl.gov/content/hiv-db/SNAP/WEBSNAP/SNAP.html)
was used for analysis of synonymous verses nonsyn-
onymous mutations.
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Nucleotide sequence accession numbers

The sequences from this study were deposited in the
GenBank and there accession numbers are KJ690591 to
KJ690602 and KJ690604.

Results
Sequence and phylogenetic analysis

RT-PCR for the second hypervariable region of the G
protein gene was done on the clinical samples. Thirteen
study sequences were characterized by DNA sequencing
and phylogenetic analysis. A total of 49 unique group B
partial G protein gene sequences were used to construct the
phylogenetic tree including 19 sequences from India
(Supplementary Table 1). The alignment was 288 bp (96
amino acid) in length spanning 658-948 bp of G protein
gene with reference to prototype group B reference strain.
The study sequences were genotyped by phylogenetic
comparisons with other sequences reported from different
parts of the world [4, 6, 10] (Fig. 1). All the 13 study
strains clustered in the BA genotype with 60 bp duplication
in the second hypervariable region of the G protein gene.
Different subgroups have been described within the BA
genotype BA-1 to BA-12 [7, 10]. Six of the study
sequences clustered with BA-9 and two sequences with the
BA-4 subgroup. One study sequence was grouped in each
of the following subgroups, BA-7, BA-10 and BA-12. Two
of the study sequences (DEL/S191P/10 and DEL/S192P/
10) were not assigned to any specific subgroup of the BA
genotype. The study sequences had a 94.1-97.8 % simi-
larity at the nucleotide level and 86.8-95.6 % similarity at
the amino acid level as compared to BA prototype strain.
On the other hand a similarity of 92.7-100 % at the
nucleotide level and 85.7-100 % at the amino acid level
was identified among the study sequences.

Amino acid analysis

The predicted amino acid sequence of the study strains
were compared with the BA prototype strain (Fig. 2). The
study strains were predicted to encode G proteins of 312
and 319 amino acids with reference to the prototype BA
strain (315 amino acids). The stop codon, TAA was uti-
lized by all the study sequences except one sequence that
had TAG as the stop codon. A total of 31 amino acid
mutations were identified in the 93—100 amino acid region
that was analyzed for the study strains as compared to the
prototype BA strain. The strain DEL/S154P/09 displayed
the highest number of amino acid mutations (ten). The
three mutations (L223P, 247P, T270I) were identified in all
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Fig. 1 Phylogenetic tree for hRSV group B nucleotide sequences
from the second hypervariable region of the G protein gene. The
details of the GenBank sequences that were used for the analysis are
given in Supplementary Table 1. The nucleotide sequences were
aligned with CLUSTAL X program and the phylogenetic tree was
generated by Maximum Likelihood method using MEGA6. The
bootstrap values more than 60 % are shown at the nodes. The study
sequences are denoted by solid diamonds

the study sequences. Two different amino acid substitu-
tions (V271A and H287Y) were observed in most of the
study sequences. Certain amino acid substitutions were
subgroup specific. The BA-9 subgroup showed five
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Fig. 2 The deduced amino acid alignment of the second hypervari-
able region of the G protein of Indian strains. The alignment is shown
relative to the prototype BA strain (BA/4128/99b) (AY333364)
corresponding to 220-315 amino acids. The two copies of the

common mutations. Similarly, six mutations were identi-
fied in BA-10, ten mutations in BA-12, seven mutations in
BA-4 and 4 mutations in the BA-7 subgroup. Some amino
acid substitutions were identified in a few sequences of the
BA subgroup. Two different amino acid substitutions
(R262G and S267P) were observed in two study strains of
the BA-9 subgroup (DEL/158P/09 and DEL/159P/09). The
two study strains which did not cluster in any subgroup
(DEL/191P/10 and DEL/192P/10) showed nine and eight
mutations respectively. Four out of these mutations were
common among the two sequences (Fig. 3).

Glycosylation sites

The N-linked glycosylation sites were predicted for the
study sequences with reference to the BA prototype strain.
One site at 296 amino acids was conserved in all the study
strains. An additional N-glycosylation site at 310 amino
acid was observed in one of the strain (DEL/M85P/07).
Two study strains (DEL/M258P/08 and DEL/M281P/08)
showed the N-linked glycosylation sites at 273 amino acid.
This site was located in the 20 amino acid duplicated
region. The O-linked glycosylation sites in the G protein
are the serine and threonine residues. The program
NetOGlyc predicted 40-43 serine and threonine residues
that had potential for O-linked glycosylation with G score
of 0.5-0.8 in the 93-100 amino acid region. Thirty four of
these sites were conserved among all the study strains.

20-amino acid duplicated region are marked by rectangles. Asterisks
indicate the stop codons. The potential N-linked glycosylation sites
are underlined

Further, the 20 amino acid duplication region had a total of
ten O-linked glycosylation sites, including six threonine
and four serine residues. Eight of these ten glycosylation
sites were conserved among all the study strains.

Analysis of synonymous and non-synonymous
mutations

On an average, the nonsynonymous/synonymous (dN/dS)
ratio for the partial G protein gene sequences used in this
study was 0.47 while the average synonymous/non-syn-
onymous (dS/dN) ratio was 2.13. These values suggest
lower dN/dS ratios (<1) and lower distances suggesting
negative selection pressure for amino acid change in the
analyzed region of the G protein.

Discussion

hRSV is major viral pathogen of acute respiratory infection
(ARI) in India [3, 15, 16]. The rapid global spread of the
BA genotype suggests that these viruses may have a
selective advantage over other hRSV genotypes [21]. In
addition, the BA viruses have also replaced the existing
group B genotypes in different geographical regions [1].
Limited data is available on molecular characterization of
BA viruses from India [3, 7, 15, 16]. In the present
investigation, we carried out a retrospective molecular and

263N
223P :
I 22|9'[ HUIP Leov 261 G|267 Ufn ‘\275 A 286 P 28921;2(} 297F 302K Stop
| [ 7 | | | I | | |
l 2 !’_ "6;G l | I I |
246 A 2P | : 2701 278E 287Y |29ss soirL 1
226 D 258 N 273N 281 TN 201 H/L 304w

Fig. 3 The amino acid sequence of the second hypervariable region
of the G protein of prototype BA strain (BA/4128/99b) (AY333364).
The sequence corresponds to the 220-315 amino acids of the BA

prototype strain. The amino acid changes in the Indian strains are
indicated by arrows
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phylogenetic analysis of circulating strains of BA genotype
from New Delhi, India during 2007-1010.

The G protein of hRSV exhibits high genetic and anti-
genic variability. The mechanism for this high genetic
variability includes amino acid substitutions, deletions,
insertions, duplications and changes in stop codon usage.
An important source of variation in the G protein of BA
genotype is protein length polymorphism [21]. The G
protein of the study sequences were of 312 and 319 amino
acids in length. However, it has been described that
changes in stop codon usage have been associated with
important antigenic variations found in hRSV escape
mutants that were selected with monoclonal antibodies
recognizing strain specific epitopes [11, 17, 18]. The BA
genotype has been divided into subgroups (BA-I to BA-
XII) based on the genetic variability in the 60 bp dupli-
cated region [7]. Our earlier study from New Delhi, India
[16] reported two mutations in the 20 amino acid dupli-
cated region. However the Indian strains of the present
study had eight amino acid substitutions in the duplicated
region. A recent study from Saudi Arabia reported nine
amino acid mutations in this region [4]. Thus, it is clear
that there is a gradual accumulation of mutations over time
in the duplicated region of BA genotype suggesting rapid
evolution of these viruses. It is thus evident by these
investigations that the duplicated region of G protein is
under evolutionary pressure. Therefore, in future we can
expect more mutations in this region, which may evolve
into new subgroups within this rapidly expanding
genotype.

N- and O-linked glycosylation pattern of hRSV has been
associated with variable host immune response. The
duplication of 20 amino acids resulted in the addition of a
few more O-linked glycosylation sites in the G protein. It is
worth mentioning that the study strains had ten additional
O-linked glycosylation sites in the 20 amino acid dupli-
cation region. Thus, it is postulated that the additional
amino acids as well as enhanced glycosylation of the G
protein of BA viruses may result in antigenically different
virus. This may influence the expression of some antigenic
epitopes by augmentation of antibody recognition or by
camouflaging the antigenic sites [15, 21]. This may further
enhance the rapid global spread and survival of the BA
genotype among the immunological naive population.
Alternately, the duplication may modify G protein medi-
ated attachment of virion with the host cell which may
further result in enhanced fitness of BA viruses.

Estimation of the rates of synonymous and nonsynony-
mous substitutions is important to understand the selective
pressure operating on a gene fragment or gene. The lower
dN/dS ratio (<1) of the study sequences indicates shorter
distances thus suggesting negative selection pressure and
therefore fewer amino acid changes in the G protein. These
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results indicate that in a closely related virus population,
such as in a genotype, neutral or negative selection pressure
occurs even in the variable region of the G protein. Other
investigations have similarly reported a negative selection
pressure in the C-terminal region of the G protein [4, 16].

In conclusion, molecular and phylogenetic characteri-
zation of BA genotype from India revealed genetic varia-
tion in these viruses occurs probably due to the
accumulation of mutations in the duplication region and
changes in stop codon usage. The frequency and pattern of
the N- and O-linked glycosylation sites of the G protein
may alter the antigenic structure of the BA viruses resulting
in antigenic variation. This antigenic change in BA viruses
may assist in avoidance of host immune response and thus
may provide a selective advantage to them. The BA
genotype is therefore continuously expanding and spread-
ing to different geographical regions. Further comprehen-
sive studies of the BA viruses from different parts of the
world will determine the epidemiological and evolutionary
pattern of this emerging genotype.
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