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Molecular characterization of the hypervariable regions of S1 gene
of infectious bronchitis virus isolates
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ABSTRACT

A preliminary study was conducted for the detection of the infectious bronchitis virus circulating among the
poultry flocks of Kerala employing a reverse transcriptase polymerase chain reaction, where, a high prevalence of the
virus was reported. The present study is the first comprehensive study pertaining to the molecular characterization of
hypervariable regions of the S1 gene of IBV in Kerala. The positive samples were sequenced with primers targeting
the three hypervariable regions of the S1 subunit of spike gene. It was observed that the isolates of Kerala shared
more than 95% similarity with isolates from different parts of India. On phylogenetic analysis of hypervariable
regions 1 and 2, all the Kerala isolates clustered with isolates from other parts of the country. Phylogenetic analysis
of the hypervariable region 3 revealed that the Kerala isolates branched separately from the isolates belonging to
different parts of India. The study advocated the need of an area specific vaccine in Kerala, employing the potential
candidate vaccine strain isolated in the study.
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Avian infectious bronchitis virus (IBV) belongs to the
genus Gammacoronavirus of subfamily Orthocoronavirinae
and family Coronaviridae (Siddell et al. 2019). The
genome of IBV encodes four structural proteins namely
nucleocapsid (N), membrane (M) glycoprotein, spike (S)
glycoprotein and envelope (E) protein (Cavanagh 2005).
Among them, S protein shows remarkable diversity in
its nucleotide sequence (Hagshenas et al. 2005). Chicken
of all ages are susceptible to IBV infection, however the
severity was found to be greater in chicks compared to
adults (Bande ef al. 2016).

Despite  implementing  rigorous  vaccination
programmes, control of infectious bronchitis (IB) still
remains a problem (Jackwood et al. 2005, Icochea et al.
2023). This is attributed to the fact that there is continuous
emergence of genetic and antigenic variants of IBV, thereby
deterring protection against the newly emerged strains
(Martin et al. 2007, Al-Mubarak and Al-Kubati 2020).
Though inactivated vaccines are safe, they are expensive
and less effective as compared to live attenuated vaccines
(Zhou et al. 2003), however there is chance of reversion
of virulence in case of live attenuated vaccines (Jia et al.
1995). Thus, IB continues to be a huge threat to the poultry
industry as new variants of the virus are still being isolated
and that to from the vaccinated flocks (Vermeulen et al.
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2023). According to Gallardo et al. (2021), IBV variants
may not be entirely genetically distinct from the usual
strains affecting a particular geographic region, but are
phenotypically distinct and hence immune evading to the
immunity produced by typical serotype specific vaccines.
These variations can be more than or equal to 5% at the
genomic level in the S1 gene’s hypervariable region.
Majority of the times, these mutant strains are typically
limited to specific geographic areas. Hence, frequent
monitoring is mandatory for tracking the emergence of new
variants of IBV, to establish more efficient and effective
vaccination strategies. Previous study has confirmed a high
prevalence of IB (Rajalakshmi et al. 2023) and vaccination
against the disease is usually not practiced in the state.
According to Raja et al. 2020, sequencing of HVRs of
S1 gene has a strong correlation with viral neutralisation
test and can be used to genotype IBV isolates. Shyma et al.
(2018) sequenced the HVR 3 of S1 subunit of spike gene
of the field isolates from Thrissur district of Kerala and
found that the sequences shared 98% homology with H120
vaccine strain, the current IBV vaccine strain in India.
Thus, the present study aims to characterise the field
isolates of Kerala by sequencing all the three HVRs of S1
subunit of spike gene and comparing the sequences with
current vaccine strain and also with the strains isolated
from different parts of the country. This would be a pilot
study to pave the way for identifying the suitable candidate
vaccine strain pertaining to Kerala, which in turn could aid
in formulating the effective strategies for controlling the
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Fig. 1. Agarose gel electrophoresis of PCR amplified products: A. Hypervariable region 1 of S1 subunit of spike gene of Infectious
bronchitis virus (200 bp); B. Hypervariable region 2 of S1 subunit of spike gene of Infectious bronchitis virus (260 bp); C. hypervariable
region 3 of S1 subunit of spike gene of Infectious bronchitis virus (468 bp) [Lane 1: 100 bp ladder, Lane 2: positive control, Lane 3:
positive sample, Lane 4: negative control, Lane 5: negative sample].

disease in the state. (Rajalakshmi et al. 2023), were subjected to isolation in

9-11 day old embryonated chicken eggs by allantoic route

of inoculation. The harvested allantoic fluid was used for
Tissue samples (trachea, lung, liver, spleen, oviduct and genotypic characterization.

kidney) taken from 95 suspected cases of IB, confirmed The allantoic fluid was subjected to RNA extraction

by RT-PCR (TRIzol method) targeting the 5° UTR  (TRIzol method) and cDNA synthesis (Bio-rad iScript™

MATERIALS AND METHODS

KFT75T7467.1:88-288 Infectious bronchitis virus isolate GE3 spike protein gene partial cds Maharashtra

KF188436.1:89-288 Infectious bronchitis virus strain H120 spike glycoprotein {(S) gene complete cds Uttar Pradesh
KFE679885.1:41-240 Avian coronavirus strain IBV/BRAZIL/USP CRG/2013/56 spike glycoprotein S1 subunit (S) gene partial cds Brazil
KFB809780.1:88-288 Infectious bronchitis virus isolate IBV256 spike glycoprotein (S1) gene partial cds Andhra Pradesh
KJ200289.1:89-288 Infectious bronchitis virus isolate ckZA/G743b/11 spike glycoprotein S1 (51) gene partial cds South Africa
KJ425485 1:20402-20601 Infectious bronchitis virus strain ck/CH/LDL/110931 complete genome China
KT203557.1:20402-20601 Infectious bronchitis virus isclate B17 complete genome Chennai

KRE05488.1:89-288 Infectious bronchitis virus strain H52 spike protein (51) mRNA partial cds Iran

KT886443.1:92-291 Infectious bronchitis virus isolate gammaCoV/Ck/Poland/1/1980 spike protein (S1) gene partial cds Poland
KY465750.1:89-288 Infectious bronchitis virus isolate IBV/Brazil/SGO/0116 spike glycoprotein S1 subunit gene partial cds Brazil
KX529710.1:89-288 Infectious bronchitis virus isolate PDRC 109782 spike protein (S1) gene partial cds USA
KY588135.1:20266-20465 Infectious bronchitis virus isolate Pakistan/Mass/1009/13A/2015 partial genome Pakistan
KY026783.1:89-288 Infectious bronchitis virus isolate IBV BP spike protein (S1) gene partial cds Andhra Pradesh
MG022116.1:89-288 Infectious bronchitis virus strain IBV/CH/SAI2/2015 spike glycoprotein (S1) gene partial cds Saudi Arabia
MGT763935.1:20402-20601 Infectious bronchitis virus strain IBV/Chicken/Haryana/53/2013 complete genome Haryana
MG272485.1:89-288 Avian coronavirus strain M41 isolate 308/2015 51 spike protein gene partial cds Thailand
MF447703.1:89-288 Infectious bronchitis virus isolate CK/CHHN/NX17-5 51 gene partial cds China

MH252988.1:86-285 Infectious bronchitis virus strain IR/680/2002 S1 gene partial cds Iran

MG913343.1:20403-20602 Avian coronavirus isolate AvCoV/Gallus gallus/Brazil/lsample 22/2013 complete genome Brazil
MGT734785.1:89-288 Infectious bronchitis virus isolate CK/CH/GX/NN17-7 51 gene partial cds China
MK937829.1:20402-20601 Infectious bronchitis virus strain 10306/17 complete genome China

REFSMGTE3935Gujarat

REF3KF809780Hyderabad

REF1KF188436Bareilly

Thrissurlsolate5 Infectious bronchitis virus Spike gene Hypervariable region 1 Thrissur Isolate Partial CDS 200bp
Thrissurlsolated Infectious bronchitis virus Spike gene Hypervariable region 3 Thrissur Isolate Partial CDS 200bp
Thrissurlsolate2 Infectious bronchitis virus Spike gene Hypervariable region 3 Thrissur Isolate Partial CDS 200bp
Thrissurlsolate3 Infectious bronchitis virus Spike gene Hypervariable region 3 Thrissur Isolate Partial CDS 200bp
KY273667.1:20094-20293 Infectious bronchitis virus isolate Jordan/Mass/15/2004 partial genome USA
REFEKT438864.1Kashmir

REF2KFT57458Pune

—_—

0.0020
Fig. 2. Phylogenetic analysis of hypervariable region 1 of S1 subunit of spike gene of Infectious bronchitis virus.
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cDNA kit (1708891) followed by RT-PCR targeting the
5’UTR and positive cDNA were subjected to RT-PCR
targeting the hypervariable regions (HVR) of the Sl
subunit of spike gene. The primers targeting the HVR of
S1 subunit were designed in-house (Primer 3 software).
Complementary DNA from Nobilis intervet vaccine
(H120) was used as the positive control. Negative control
was made up with nuclease free water.

For HVR 1 and 2, initial denaturation at 95°C for 3 min
followed by 30 cycles of denaturation at 95°C for 30 s,
annealing at 58.9°C for 45 s and extension at 72°C for 45 s
and final extension for 72°C for 5 min. For HVR3, initial
denaturation at 95°C for 3 min followed by 30 cycles of
denaturation at 95°C for 45 s, annealing at 50°C for 1 min
and extension at 72°C for 45 s and final extension for 72°C
for 5 min.

The PCR products were purified by elution in 1%
agarose gel using QIAquick Gel Extraction Kit (28704) and
subjected to sequencing. The sequences of hypervariable
regions 1, 2 and 3 of S1 subunit were amplified using in-
house designed primers, IBS1F and S1R, IBS2F and S2R,
IBS3F and S3R, which corresponds to amplicon size of
200 bp, 260 bp and 468 bp, respectively. The amplicons

REFBKT438864. 1Kashmir
REF3KF809780Hyderabad
REF1KF188436Bareilly
REF2KF757458Pune
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were further sequenced using forward and reverse
primers by automated sequencer using Sanger’s dideoxy
chain termination method, which was outsourced. The
obtained sequences were aligned with other sequences
of IBV available in GenBank using BLASTn. The
nucleotide sequences and predicted amino acid sequences
were analysed using appropriate bioinformatics tools.
Phylogenetic analysis of nucleotide sequences was carried
out using “Mega7” programme of Lasergene software
using neighbour joining method.

RESULTS AND DISCUSSION

The existence of multiple serotypes of IBV makes it
an arduous challenge for the prevention and control of the
disease. For preliminary screening of samples, 5’UTR was
chosen to be amplified, considering its highly conserved
nature (Andreasen Jr et al. 1991).

Between the various IBV serotypes, variations exist
in the form of very few amino acid differences, which is
predominantly limited to the S1 subunit of the spike gene
of IBV (Cavanagh 2005). Furthermore, altered tissue
tropism and antigenicity in various IBV strains have been
attributed to variations in the S1 sequence (Cavanagh and

KF809780.1:271-530 Infectious bronchitis virus isolate IBV256 spike glycoprotein (S1) gene partial cds Andhra Pradesh
KF757458.1:271-530 Infectious bronchitis virus isolate V51 spike protein gene partial cds Pune

KJ425487.1.20584-20843 Infectious bronchitis virus strain ck/CH/LHB/110526 complete genome China

KT438864 1:344-603 Infectious bronchitis virus isolate JKGBLO1 spike glycoprotein S1 mRNA partial cds Jammu and Kashmir
KUT27201.1:271-530 Infectious bronchitis virus isolate BIBREMBRAPA/IW123 S1 gene partial cds Brazil
KX129907.1:271-530 Infectious bronchitis virus strain ckK/CH/GZLSY/160106 spike glycoprotein (S1) gene partial cds China
KX529712.1:271-530 Infectious bronchitis virus isolate MDL15-3697 spike protein (S1) gene partial cds USA
KY026783.1:271-530 Infectious bronchitis virus isolate IBV BP spike protein (S1) gene partial cds Andhra Pradesh
Thrissurlsolate5 Infectious bronchitis virus Spike gene Hypervariable region 3 Partial CDS 260bp

Thrissurlsolate4 Infectious bronchitis virus Spike gene Hypervariable region 3 Partial CDS 260bp

Thrissurlsolate3 Infectious brenchitis virus Spike gene Hypervariable region 3 Partial CDS 260bp

Thrissurisolate? Infectious bronchitis virus Spike gene Hypervariable region 3 Partial CDS 260bp

KF188436.1:271-530 Infectious bronchitis virus strain H120 spike glycoprotein (S) gene complete cds Uttar Pradesh

4'7 REF5MGT783935Gujarat
JQO20397.1:271-530 Infectious bronchitis virus isolate 11031 spike protein (S) 3a protein (3a) 3b protein (3b) and envelope protein (E) genes complete cds South Korea

KF809802.1:271-530 Infectious bronchitis virus isolate IBVE26 spike glycoprotein (51) gene partial cds Andhra Pradesh
KX344068.1:271-530 Infectious bronchitis virus strain ¢K/ICH/SCDY/160426 spike glycoprotein (S1) gene partial cds China
KMO86571.1:121-380 Avian coronavirus isolate Quail/Brazil/C9T-trachea/2013 spike glycoprotein S1 subunit gene partial cds Brazil
JX559829.1:264-523 Infectious bronchitis virus strain SB-AG540 spike glycoprotein (S1) gene partial cds Brazil
FJB29873.1:271-530 Infectious bronchitis virus isolate AHO7091 spike protein (S) gene complete cds China

KC985211.1:146-405 Infectious bronchitis virus isolate CU-1 spike glycoprotein (S1) gene partial cds Egypt

JX182773.1:271-530 Infectious bronchitis virus isolate UFMG/PM1 spike glycoprotein S1 subunit gene partial cds Brazil

HQ123365.1:293-552 Infectious bronchitis virus isolate IRFIBV44 spike glycoprotein (S1) gene partial cds Iran

GQ258346.1:271-530 Infectious bronchitis virus strain CKICH/LSD/08X] 51 protein (S1) gene partial cds China

F.J888351.1:20584-20843 Infectious bronchitis virus strain H120 complete genome Netherlands

KY273667.

FJ790234.2:19-278 Infectious bronchitis virus isolate HR/HVR-08-1 S1 protein gene partial cds Jabalpur

AM236206.1:136-395 Infectious bronchitis virus partial S1 gene for spike glycoprotein S1 subunit genomic RNA isolate RF/13/1998 Russia
AYTB9966.1:271-530 Avian infectious bronchitis virus strain I1S/665/98 S1 surface glycoprotein gene partial cds USA

1:20276-20535 Infectious bronchitis virus isolate Jordan/Mass/15/2004 partial genome Jordan

KY588135.1:20448-20707 Infectious bronchitis virus isolate Pakistan/Mass/1009/13A/2015 partial genome Pakistan

—— KX529710.1:271-530 Infectious bronchitis virus isolate PDRC 109782 spike protein (S1) gene partial cds USA

— KR605488.1:271-530 Infectious bronchitis virus strain H52 spike protein (S1) mRMA partial cds Iran

[ KJ196092.1:133-392 Infectious bronchitis virus isolate 00-45269 spike glycoprotein (S) gene partial cds Canada
FN182278.1:271-530 Infectious bronchitis virus partial S1 gene for spike 1 protein genomic RNA strain NGA/310/2006 Migeria

) MH509477.1:123-382 Infectious bronchitis virus isolate IBV SES 155K-12 spike protein 1 gene partial cds Canada

o020

L KF757467.1:271-530 Infectious bronchitis virus isolate GE3 spike protein gene partial cds Pune

Fig. 3. Phylogenetic analysis of hypervariable region 2 of S1 subunit of spike gene of Infectious bronchitis virus.
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KY588135.1:20842-21388 Infectious bronchitis virus isolate Pakistan/Mass/1009/13A/2015 partial genome Pakistan
KT886443.1:768-1218 Infectious bronchitis virus isolate gammaCoV/Ck/Poland/1/1980 spike protein (51) gene partial cds Poland
JQ739315.1:765-1213 Infectious bronchitis virus strain ck/CH/LHLJ/1 11050 51 protein (51) gene partial cds China

JQ920397 1:765-1213 Infectious bronchitis virus isolate 11031 spike protein (S) 3a protein (3a) 3b protein (3b) and envelope protein (E) genes complete cds South Korea
KF188436.1:765-1213 Infectious bronchitis virus strain H120 spike glycoprotein (S) gene complete cds Uttar Pradesh
KF809780.1:771-1219 Infectious bronchitis virus isolate IBV256 spike glycoprotein (51} gene partial cds Andhra Pradesh
KJ200277.1:765-1213 Infectious bronchitis virus isolate ckZAIG516/11 spike glycoprotein S1 (S1) gene partial cds South Africa
KRB05488.1:765-1213 Infectious bronchitis virus strain H52 spike protein (S1) mRNA partial cds Iran

KT438866.1:838-1286 Infectious bronchitis virus isolate JKGBLOZ clone 2 spike glycoprotein S1 mRNA partial cds Jammu and Kashmir
KT736031.1:21078-21526 Infectious bronchitis virus isolate ck/CH/LDL/150434- complete genome China

KT886444.1:768-1218 Infectious bronchitis virus isolate gammaCoV/Ck/Poland/79/1989 spike protein ($1) gene partial cds Poland
KU512962 1:786-1234 Infectious bronchitis virus strain GXYulinCZD2014.1 spike glycoprotein (S1) gene partial cds China
KY465750.1:765-1213 Infectious bronchitis virus isolate IBV/Brazil/lSGO/0116 spike glycoprotein S$1 subunit gene partial cds Brazil
KX529712.1:765-1213 Infectious bronchitis virus isolate MDL15-3897 spike protein (S1) gene partial cds USA
KYG26045.1:21078-21526 Avian coronavirus strain Mas complete genome Brazil

KY273667 1:20770-21218 Infectious bronchitis virus isolate Jordan/Mass/15/2004 partial genome Jordan

MG022116.1:765-1213 Infectious bronchitis virus strain IBV/CH/SA/2/2015 spike glycoprotein (S1) gene partial cds Saudi Arabia
MGT63935.1:21078-21526 Infectious bronchitis virus strain IBV/Chicken/Haryana/53/2013 complete genome Haryana
MG272485.1:765-1213 Avian coronavirus strain M41 isolate 308/2015 S1 spike protein gene partial cds Thailand

MF447703.1:765-1213 Infectious bronchitis virus isolate CK/CHHN/NX17-5 S1 gene partial cds China

Thrissurlsolate2 Infectious bronchitis virus Spike gene Hypervariable region 3Partial CDS 448bp

Thrissurlsolate3 Infectious bronchitis virus Spike gene Hypervariable region 3Partial CDS 449bp
Thrissurlsolated4 Infectious bronchitis virus Spike gene Hypervariable region 3 Partial CDS 449bp
Thrissurlsolate Infectious bronchitis virus Spike gene Hypervariable region 3 Partial CDS 449bp

Fig. 4. Phylogenetic analysis of hypervariable region 3 of S1 subunit of spike gene of Infectious bronchitis virus.

Nagqi 1997). More specifically, serotypic determinants have
been identified in the first 395 amino acid region of the
S1 subunit, which includes the three major HVRs. The
HVR 1 is located between the amino acid residues 56 to
69, HVR 2 between 117 to 131 and HVR 3 between 274
to 387 (Montassier, 2010). Taking these into account, three
in-house primers were designed targeting the three HVRs
of S1 subunit (Fig. 1. A-C).

Strain identification by sequencing the HVRs of the
S1 subunit of spike gene of IBV had been reported to be
successful in studies (Lee et al. 2003). Previous studies
indicated that the genotyping of IBV based on HVR 1 of
the S1 subunit could represent the grouping method of the
whole S1 subunit (Wang et al. 2000). Several studies had
been conducted by amplifying both the HVR1 and HVR2
of S1 subunit for identifying the IBV strains prevalent
in a given geographical region (Pohuang et al. 2009).
Also, it is important to note that the HVR 3 occupies a
considerably large region of the S1 subunit of spike gene
of IBV, compared to the HVR 1 and HVR 2 and thus, in
some studies the HVR3 was also targeted (Fellahi et al.
2016). Hence, all the three HVRs are equally significant in
determining the strain variations of IBV and in the present
study, all the three HVRs of the S1 subunit were targeted
and sequenced. EMBOSS merger was used to merge the
sequence reads to obtain coding sequence (cds) of the
hypervariable regions 1, 2 and 3 of S1 subunit of spike
gene and then analyzed. The sequences were queried in the
nucleotide database and blasted in order to confirm that the
BLASTn hits were of HVRs of S1 subunit.

The isolates obtained in the present study did not reveal
any variation in the nucleotide sequences with respect to
each other. Since H120 strain of IBV is the current vaccine
strain in India, it was used as a reference strain in the study.
The partial cds of S1 subunit of spike gene obtained from
positive samples showed more than 95% homology on
comparison with the complete cds of S1 subunit of H120
vaccine strain, as well as the sequences of Indian isolates
deposited in GenBank. On phylogenetic analyses of the
hypervariable regions 1 and 2 of S1 gene, the Thrissur
isolates were clustered with each other and also with other
Indian IBV isolates from Pune, Andhra Pradesh, Uttar
Pradesh, Bareilly, Gujarat and Kashmir. Whereas, on
phylogenetic analysis of hypervariable region 3, all the four
representative isolates of the present study were branched
separately among each other and also with the isolates
from Andhra Pradesh, Pune, Bareilly, Gujarat, Jabalpur
and Haryana. The size of the hypervariable region 3 was
342 bp, whereas the sizes of the hypervariable regions 1
and 2 were 42 bp and 45 bp, respectively. More variations
were noted in the hypervariable region 3 compared with
the other two hypervariable regions. Similar results were
obtained by Jakhesara et al. (2018) when they made a
phylogenetic analysis of the IBV isolate from Haryana.
Their results showed that the Haryana isolate clustered with
the other Indian IBV isolates. In contrast, a study in Tamil
Nadu in small-holder chicken flocks revealed the presence
of QX-like strain and on phylogenetic analysis, this isolate
clustered with previously reported QX strains (Ganapathy
et al. 2020). Phylogenetic trees are presented in Figs. 2-4.
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It can be inferred from this study that the isolates of
Kerala shared more than 95% similarity with isolates from
different parts of India and the phylogenetic analysis of the
hypervariable region 3 revealed that the isolates branched
separately from others belonging to different parts of India.
With respect to Kerala, the study is the pilot one of its kind
and stressed the importance of an area specific vaccine
employing the local isolates. Further studies are going
on targeting the full S1 subunit of spike gene employing
a greater number of samples, which will be helpful in
designing an effective candidate vaccine against IBV
specific to the region.
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