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Recombination analysis of genomic sequences of infectious
bronchitis viruses from 2002—-2016 in China

ZHOU Hai-Sheng ZHANG Mei-Hong TIAN Xue WU Qi SHAO Hong-Xia
QIAN Kun YE Jian-Qiang QIN Ai-Jian”

(Ministry of Education Key Laboratory of Avian Preventive Medicine, College of Veterinary Medicine,
Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract: [Objective] Infectious bronchitis virus (IBV) that causes respiratory and nephritic diseases
in chicken is one of the important viral pathogens in poultry industry. To understand the
epidemiology and recombination of IBV in China. [Methods] S1 gene sequences of 92 IBV strains
and the genomic sequences of 55 strains isolated during 2002—-2016 in China were collected from
GenBank and analyzed by bioinformatics. [Results] Thirteen genotypes of IBV, including QX, 4/91,
Mass, tI/CH/LDT3/03, CK/CH/LSC/991, TW-I, TW-II, TC07-2, Ck/CH/LDL/971, N1/62-associated,
Arkansas, New-I and a newly emerging genotype New-II, were found co-circulation in China during
2002-2016 based on phylogenetic analysis of S1 gene. It was notable that ck/CH/LSD/110712
belonging USA branch was found in China in this study. Recombination analysis revealed the S1
gene of New-Il genotype IBVs was originated from recombination between tI/CH/LDT3/03- and
QX-type IBVs. With analysis of whole genomes of 55 IBV isolates, 52 recombinants were identified
through RDP4. The partial sequence of vaccine strains were found in 25 of 52 IBV isolates. The
recombination events were further confirmed by SimPlot bioinformatics analysis. [Conclusion]
Bioinformatics analysis results demonstrated that multiple genotypes of IBV were co-circulated in
China during 2002-2016, and novel IBV genotypic clusters and variants could be emerged through
recombination which frequently occurring between field and vaccine strains. It indicates the adverse
effects of IBV vaccine on controlling IB in China should be paid more attention.

Keywords: Infectious bronchitis virus, Genotype, Genome, Recombination, Vaccine
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20 80
IBV  (Mass 4/91 tl/CH/LDT3/03 1B
) IB IBV GenBank IBV
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IBV Gamma 1BV
RNA IBV
IBV RNA RNA 1 MES5FE
1.1 FF3IkiR
IBV GenBank 2002—-2016

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2944 A8k Microbiol. China 2017, Vol.44, No.12

92 IBV 20 S1 6.0 S1
55 1BV 14 RDP4 S1
GenBank 1
1.2 FHlgHet 5 EH S [71 SimPlot
DNAStar  MegAlign http://blast.ncbi.nim.
S1 MEGA nih.gov/Blast.cgi BLASTn

=1 BV ERFEFFNEFR. PBEEMHS GenBank BFES

Table 1 Strains’ name, year of isolation and GenBank accession number of 1BV genomic sequences used in this study

GenBank ; GenBank
Strain Year of isolation GenBank accession No. Strain Year of isolation  GenBank accession No.

$C021202 2002 EU714029 1 Ck/CH/LGD/120723 2012 KC013541
Ck/CH/LSHH/03II 2003 KX252772 | CKICH/LGD/120724 2012 KC119407
CQ04-1 2004 HM245924 CK/CH/SD/121220 2012 KJ128295
DK/CH/HN/ZZ2004 2004 JF705860 1 SDIB821/2012 2012 KF574761
ck/CH/LIL/04] 2004 KX302866 ! cCk/CH/IBTZ/2012 2012 KF663559
GX-YL5 2005 HQ848267 CK/CH/LJL/130908 2013 KP868573
ck/CH/LDL/05I11 2005 KX348114 1 ck/CH/LIL/130925 2013 KP036505
ck/CH/LIL/05I 2005 KX252778 ! cCk/CH/LHB/130578 2013 KP118890
CKI/CH/LSD/05I 2005 EU637854 ck/CH/LHB/130598 2013 KJ425497
ck/CH/LSD/071 2007 KX252777 1 ck/CH/LGX/130530 2013 KP343691
ck/CH/IBWF/2007 2007 KF663560 ! ck/CH/LHB/130573 2013 KJ425496
ck/CH/LHLI/07VII 2007 JF274479 ck/CH/LHB/130575 2013 KP118889
ck/CH/LHLJ/08-6 2008 KX252788 | CK/CH/LDL/140520 2014 KP790143
ck/CH/LIL/08-1 2008 KX236005 CK/CH/LHLJ/140756 2014 KP790144
ck/CH/LSD/09091 2009 KX302864 + CK/CH/LHLJ/140901 2014 KP790146
ck/CH/LDL/091022 2009 JX195175 + Ck/CH/LHLJ/140906 2014 KP036502
ck/CH/LGD/090907 2009 KP118894 CK/CH/LHLJ/141105 2014 KP790145
CK/CH/LGX/091109 2009 KF411041  CkICH/LDL/150434-11 2015 KT736032
ck/CH/LHLJ/090510 2009 KX252783 ck/CH/LJL/150430 2015 KX302867
ck/CH/LHLJ/091205 2009 KJ425504 » gammaCoV/ck/China/l110116 2016 KY620116
Sczy3 2009 JF732903 :

CK/CH/SD09/005 2009 KF668605 H120_vaccine Vaccine strain FJ888351
YX10 2010 JX840411 1 H52_vaccine Vaccine strain EU817497
ck/CH/LHB/100801 2010 JF330898 Connecticut_vaccine Vaccine strain KF696629
ck/CH/LHLJ/100902 2010 JF828980 14/91_vaccine Vaccine strain KF377577
CK/CH/LLN/111169 2011 KF411040 ' LDT3-A_vaccine Vaccine strain KR608272
ck/CH/LSD/110857 2011 KP118885 M41 1956 DQ834384
ck/CH/LSD/111219 2011 KJ435283 A2 1996 EU526388
ck/CH/LSD/111235 2011 KP118886 ck/CH/LDL/97I 1997 JX195177
ck/CH/LSD/1112150 2011 KJ435286 1 TW2575/98 1998 DQ646405
ck/CH/LZJ/111113 2011 JX195176 | LX4_Chinese QX-type 1999 AY338732
Cck/CH/LJL/110302 2011 KC136209 tl/CH/LDT3/03 2003 KT852992
Cck/CH/LIL/111054 2011 KC506155 | CK/SWE/0658946/10_European 2010 JQ088078

| QX-type

ck/CH/IBYZ/2011 2011 KF663561 1BJ Unknown AY319651
ck/CH/LDL/110931 2011 KJ425485 | SAIBK Unknown DQ288927
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Figure 1 Phylogenetic tree of the S1 gene of IBV strains isolated during 2002—-2016 and reference strains (Marked with A)
GenBank 5%

Note: Numbers in parentheses are GenBank accession numbers; Numbers at nodes are bootstrap values; The scale bar represents 5%
sequence divergence.
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Figure 2 Recombination analysis results of the S1 gene of New-11 genotype isolates using RDP4

Note: A: CK/CH/Fujian/Putian2/0910; B: Ck/CH/JS/2011/6; C: CK/CH/JS/LC1107; D: CK/CH/Guangdong/Heyuan/0902; E:
CK/CH/Guangxi/Nanning/0903; F: CK/CH/SC/ZJ12-1.

%<2 2002-2016 £ 55 #% IBV HE

HHHGS 5 EEBARRLT

Table 2 The frequency of vaccine-type strains participate in natural recombination in 55 IBVs during 2002—2016

/ /
Years Number of recombination events which the vaccine strains acted Number of IBV strains which have transferred fragments
as minor parental strain/Number of all recombination events from vaccine strains/Number of all IBV strains
2002—-2009 10/105 6/22
2010-2016 38/177 19/33
Total 48/282 25/55
3 Wit Mass 4/91  tI/CH/LDT3/03
IB 22.82%
2002-2016 92 IBV S1
13 QX
IBV IBV
39.13% QX 1997 IBV
[8-11] IBV
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%= 3 ck/CH/LGX/130530. DK/CH/HN/ZZ2004 1 CK/CH/LSD/051 EEAP EHREHEE

Table 3

Information of recombinant events detected in genomes of 1BV ck/CH/LGX/130530, DK/CH/HN/ZZ2004 and
CK/CH/LSD/05I strains

Breakpoints

a

Strain Recombinant genes Major parent Minor parent
Start End
ck/CH/LGX/130530 1344 4311° nsp2,3 M41 4/91_vaccine
4223 9939  nsp3-5 M41 ck/CH/LDL/971
17060 27301 nspl4-16, S, 3a, 3b, E, ck/CH/LDL/97I tl/CH/LDT3/03
M, 5a, 5b, N, 3'UTR
17066 21681° nspld—16, S H52_vaccine tI/CH/LDT3/03
20917 21681° S ck/CH/LDL/091022_Chinese = SAIBK
QX-type
24548 25564 M, 5a ck/CH/LDL/091022_Chinese  SAIBK
QX-type
DK/CH/HN/ZZ2004 556 2918  nsp2,3 Connecticut_vaccine ck/CH/LDL/091022_Chinese
QX-type
20168 20994° nspl6, S ck/CH/LDL/97I LDT3-A_vaccine
20711 22685 S ck/CH/LDL/091022_Chinese  SAIBK
QX-type
CK/CH/LSD/05I 1755 3758  nsp2,3 TW2575/98 Connecticut_vaccine
3759° 4712  nsp3 SAIBK ck/CH/LSD/111219
24588 27205 M, 5a,5b, N, 3’UTR TW2575/98 Connecticut_vaccine
a o« ” b« ” c
RDP4

Note:  The “major parent” is the sequence closely related to that from which the greater part of the recombinant’s sequence may have
been derived; ®: The “minor parent” is the sequence closely related to that from which sequences in the proposed recombinant region may
have been derived; °: The actual breakpoint position is undetermined. Most likely it was overprinted by RDP4.

IBV
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Figure 3 SimPlot analysis of the complete genomic sequences of strains ck/CH/LGX/130530 (A), DK/CH/HN/ZZ2004 (B)
and CK/CH/LSD/051 (C)
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