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Infectious bronchitis virus (IBV) causes an acute and highly contagious viral disease of chicken that
is great economic losses to the poultry industry worldwide. Among the IBV structural proteins, the high
rate spike glycoprotein S1 gene mutation and antigenic variant strains have been reported in many
countries. During the years 2012 ~2014, 10 IBV strains were isolated from infected chicken farms dis-
tributed in provinces of Jeonbuk. Analysis of the S1 gene sequences amplified from 10 isolated strains
with QX strains showed nucleotide homologies ranging from 96.5 to 95.4%. Phylogenetic analysis re-
vealed that all strains were clustered into QX-like groups. This study suggests that QX-like IBVs are
circulating in commercial chicken farms in Jeonbuk. Therefore, the continuing survellance is sig-
nificantly important for prevention and control of BIV infection.
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Infectious bronchitis virus (IBV)+= Gammacoronavirus
9] Coronaviridae, single-stranded, enveloped RNA virus
2 tjEF 27 kbolt}. IBV virion2 47 3% iz 2
spike (s) glycoprotein, membrane (M) glycoprotein, en-
veloped (E) glycoprotein, nucleotide (N) glycoprotein=
T/3Ech TS S T ES S13t S28 L S1 ®io|
7t e gAY Eo] AT (serotype-specific) HfO|EH A F
3(virus-neutralizing), 3} -7 2 A|(hemagglutination-in-
hibiting antibodies) Z2A7]o|H, S2+= T/ & 2A
715 =gl sio] So| A Agel Agd
(Koch &, 1990). S1 7919] &2 ®ol&= <lsf| A4
71 8A o] BHFOIT wolol dhat A7t Hn
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thLee 5, 2010; Lee 5, 2008).
AAE71HA F(IB)E HAREC] =& A
F71, A, Gk Foll &4 o] Abgka Asket
A AFE 7R A% B 9ls)rh ey
OS2 1936 m=oA AHe Hil FHAI(Cook 5,
2012), ol §8, obalzh, oplol Fol4 we @
Heo] HelEgon chert BAYoR 3 wol
F700) S wAPelRe we A0R Musw
Q) TH(Fabricant, 1998). IB W} 412 1950t =
4] van Roekel M41 (Mass) type©] AF&% X
H527F AREE AL Qity dRbA o7 SR Yo &
g IBVE tE AYor Autex] o=t 4% &
BAEE oo H7tolA LA7IE HupEo] AL
JollA Fa3t Aok 19979 F=2] Qingdaoo] A
BeE QUIBVE 249 gl A9 W] Fhom
IBVE 2JA]E]x] oFQkoL} 1999 of| A 2004 of Z=t
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52 Fas A - 0B - A[2E
O] 47l R ZAP A AAE IBY F235F AR Table 1. IBV reference strains included in this study
2l QX-like WolFE FEFEUTH(YuDong 5, 1998; Strain Country Accession number
. . “ —
Liu®2} Kong, 2001). E3t 1995EHE 200774 = QXIBV China AF193423
oA FQ3% SAHAF O R & B E o m(Liu 9106 Korea 1Q920390
5> 2009), - o Lrekefl Al QX-like IBVZF HILE] 1107 Korea JQ920381
- 11026 Korea JQ920396
71 9] = = o
By FQla(Kwon &, 2001), ¥4l HI20 Y=} K748/01 Korea AY790358
KM91 I M413%2e] AME @ duialo] AFL-E|z|ql w K083/98 Korea FJ807936
K245/10 Korea JF804686
Al Az S R ] L 1=3 "raEly o)
1_1 lj o Oﬂj;_ E?‘O]'.L_ IBVL. J]l—ll_:ol = OO}L Mq— KM91 Korea FJ807946
= 2% IBV+= Mass, K-I (respiratory strains), K-II K716/05 Korea HM486962
(nephropathogenetic strains) & L& 2|42 0] 3L K2 Korea JQ920378
. . HI120 Netherland EU822341
ol2o]x] 71 ©] = . = o
7} o]F 0] ]__L_ ATHChoi &, 2009; Kim 5, 2013). ]Oﬂ 2067 Korea 10920388
2 A= FE AR WAE A7 A Aol sl K210/02 Korea AY257068
F3 W B HeiFole) gAY B4S vmelgn, KoM Korea FIg07923
K147/10 Korea HM48696
K344/09 Korea HM486959
K154/05 Korea FJ807922
XHE 3:I E':l-l::'l-l 1110 Korea JQ920382
K245/10 Korea JF804686
K1585/07 Korea HM486953
HIOJMA 23] 2 RNA =2 K1583/04 Korea FI807931
CK/CH/SC/ZJ10-1 China HQO18918
CK/CH/GX/YL09-2 China HQO018905
2012~2014d o] AEX oA AFAA7|HRFo =
° = 1 o‘ﬂ ; 78718 . CK/CH/GD/NC10 China HQO18903
ASE 5718 ANEE AREsIGT) vholg| A Hef= K26/10 Korea JF804678
2% 94 Z PBSE 10% W/VS 1,500 gofl 105 €14 CK/CH/HuB/HC/12 China KJ524629

%02 um B ojz}ato] 9~ 100 2| Hskeio]

HEstol 2-5Aol aupzaS S5tk QU

Hoj A RNAFEZEL TRIzol reagent (life tech)2 AR cycle %3t & 72°C 5 min Y& & 900 bp =Z&

3lod AMEZ 200 plof] TRIzol reagent 1 mLE& =3}15|1L ol

Aol A 587t HH-33F & chloroform 200 ul& 37}

alo] 4°C, 12,000 gofl 155 Y4lgt & A5He ¢4

sh3ich A5 500 ploj isopropanol& F+7}sko] A&
3 3 4°C, 12,000 gofl 105 fAE A7NAE EA-2 ABI 3130x1 DNA sequencer (Applied

g3lo] A=dE A ASHATE 75% ethanol= A5} Biosystem, Life Technologies, USA)Z $3J5}%ich o

o] 4°C, 7,500 gof| 5EZF Y4l F ASNE AAG 714E 43 5 U442 Multiliany} CLUSTALW 9

Az 3}Fo] RNase-free water 50 pl= A7} & 55°Coj 10 Phylogenetic tree~= MEGA version 62 ©]-&3}%1 .01,

= hEste] Adof ARg-sHRIT 4§43 A 92 GeneBankol| F70EH A= E H

15} tH(Table 1).

Sequencing

)
>
S

> fr
L
(e
o|
o

S1 gene primers

SI gene2 =Y X 11% IBV strain2 GenBank se- 4 1}
quences (JQ920596)5 7|x = forward ACAGCACCT-
CCTCAGGGTAT, reverse ACATGCCCTTGGGCCAT- PCR 2 21}
TATZ A &3ttt PCRE one-step RT-PCR KIT
(QIAGEN, USA)Z AF&-3}o] 50°C 30 min, 95°C 15 IB

V gL A fAE Feketel HEstel /
min ¥H-3-3F & 95°C 30 s, 55°C 30 s, 72°C 2 min 40 2F7hol 5

o
=
47 & RNAE Z=%3}9th IBV Sl gene?)
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S1 gene SJIAMYE 2A 2t

=]
e
J

X
[Rle]

2|
o ujmst Z3 KKI301, KKI302, KNW40IZF  KMIIZF= 68.5~71.0%, QX-IBVE}= 88.5~94.6%2]

©]8] RT-PCRS A3+ A3} 107]9] sampleo]  KKJ303, KKI311S 100% U|stgon] Hazgt
A So] W=7} 81l E] ATk Table 2).

99.8~98.5%, UF KMIIS} 87.9~87.5%, =0
QX-IBVE}= 96.5~954%9] E0l4S LJERHCTHTable
3). T3} opu|ARS KKI301, KKJ302, KKJ303, KIS301,
KIS401, KNW401, KKJ311-2 99.5% <lx|a}glom, K
10529] IBV geneoll Al @714 E &4 & 4 g7k 97.5~96.3%2] FYAdS YEFHTH(Table 3).

Table 2. Field isolate of IBV used in samples

IBV isolate Type of birds Year of isolation Clinical sign Tissue
KKJ301 Korean native chicken 2013 Nephritis Kidney
KKJ302 Korean native chicken 2013 Nephritis Kidney
KKJ303 Korean native chicken 2013 Nephritis Kidney
KIS301 Korean native chicken 2013 Nephritis Kidney
KIS302 Korean native chicken 2013 Nephritis Kidney
KNW401 Korean native chicken 2014 Nephritis Kidney
KNW301 Broiler 2013 Nephritis Kidney
KIS401 Korean native chicken 2014 Nephritis Kidney
KKJ311 Korean native chicken 2014 Nephritis Kidney
KJY201 Korean native chicken 2012 Nephritis Kidney

Table 3. Nucleotide and deduced amino acid identities of IBV S1 protein gene sequences

IBV KKJ301 KKJ302 KKJ303 KIS301 KIS302 KIS401 KNW301 KNW401  KKJ311 KJY201

KKJ301 100.0 99.8 99.7 98.8 99.7 98.7 100.0 99.8 98.8
KKJ302 99.5 99.8 99.7 98.8 99.7 98.7 100.0 99.8 98.8
KKIJ303 99.5 99.5 99.8 98.9 99.7 98.8 99.8 100.0 98.9
KIS301 99.5 99.5 99.5 98.8 99.7 98.7 99.6 99.8 98.8
KIS302 97.1 97.1 97.1 97.1 98.8 99.8 98.8 98.9 98.9
KIS401 99.5 99.5 99.5 97.5 96.7 98.7 99.7 99.8 98.8
KNW301 96.7 96.7 96.7 96.7 99.1 96.3 98.7 98.8 99.1
KNW401 99.5 99.5 99.5 99.5 97.1 99.5 96.7 99.8 98.8
KKJ311 99.5 99.5 99.5 99.5 97.1 99.5 96.7 99.5 98.9
KIY201 96.3 96.3 96.3 96.3 97.1 95.9 97.5 96.3 96.3

*Nucleotide sequence comparison (white region), **Deduced amino acid comparison (shaded region)

i 10 20 30 a0 50 60 70 80 [0 100 110 120 130

KNH301
KJIY201
Consensus

QxXIBY
KKJ301
KKJ302
KKJ311
KHH401
KKJ303
KISao1l
KIS301
KIS302
KHH301
KJY201

Consensus

1 1
HTVTFLKLOFLSHIVIVVYAGLYLOA-FHY LIFYFLOKHYLYFITQLAYLNTLILNLFHYLTTSHLFIHYILFLLPTKLLHLROOVCILKOYDLIITLKHLRFLLTLLHYOHKHFCAIIPPRYCPYNITL
HTVTFLELQFLSHIYIVYYAGLYLOARLHYIIFYFPOKHYLYFIIQLAYLNTLYLSLSHYLTTSQLFIHYILFLLPTKLLHLLAQQYCILKAYDLIIVLKHLRFLLTLLHYQHKHFCYTIPLRYCLYNITL
HTYTFLELOFLSHIYIVYYQGLYLOARLHY IIFYFPOKHYLYFITQLAYLNTLYLSLSHYLTTSOLFIAYILFLLPTKLLHLLOOYCTLKOYDLIIVLKNLRFLLTLLHYQHKHFCYTIPLRYCLYNITL
HTYTFLELOFLSHIVIVVVQGLYLOARLHYIIFYFPOKHYLYFITOLAYLNTLYLSLSNYLTTSQLFINYILFLLPTKLLHLLOOVCTILKQYDL IIVLKNLRFLL TLLHYOHKHFCYTIPLRYCLYNITL
HTVTFLELOFLSHIVIVVVQGLVYLOARLHVIIFVFPOKHVLYFITOLAYLNTLVLSLSHVLTTSOLFIRVILFLLPTKLLHLLOQQVCTLKOQVDLITIVLKNLRFLLTLLHVOHKHFCVTIPLRVCLVNITL
HTVTFLELOFLSHIVIVVYQGLYLOARLHYIIFYFPOKHYLYFITQLAYLNTLVLSLSHVLTTSQLFINVILFLLPTKLLHLLOOVCTILKOQYDLITIVLKNLRFLLTLLHYOQHKHFCYTIPLRVCLYNITL
HTYTFLELOQFLSHIVIVYVOGLYLQARLHY IIFYFPOKHNYLYFIIQLAYLNTLYLSLSHYLTTSQLFINVILFLLPTKLLHLLOQOYCILKQYDLIIVLKHLRFLLTLLHYQHKHFCYTIPLRYCLYNITL

HTVYTFLELOFLSHIYIVVYYQGLYLOARLHYIIFYFPOKHYLYFITQLAYLNTLFLSLSHYLTTSHLFIHYILFLLPTKLLHLLOOVCTILKOYDLIIVLKHNLRFLLTLLHYQHKHFCYTIPLRYCLYNITL
HTYTFLELOFLSHIVIVYVQGLYLOARLHYIIFYFLOKHYLYFITOLAYLNTLFLSLSNYLTTSHLFINYILFLLPTKLLALLOQQYCTLKOYDLITVLKNLRFLLTLLAYOHKHFCYTIPLRYCLYNITL
HTVTFLELOFLSHIVIVVVQGLVLOQARLHVVIFVFLOKHVFYFITOLAYLNTLVLSLFNVLTTSHLFINVILFLLPTKLLHLLOQVCILKQVDLIIVLKNLRFLLTLLHVOHKHFCVTIPLRVCLVNITL
HTVTFLeLOQFLSHIVIVVVqQGLYLOQAr1HY ! IFVFpOKHVLYFITOLAYLNTLUL sLsHVLTTShLFIRVILFLLPTKLLHL10QVCTLKQVDLIT! LKNLRFLLTLLHVOQHKHFCVETPIRVCIVNITL

}31 140 150 160 170 180 190 200 210 220 230 240 24?

AIFOHAFILLLIVLLGKSSL STAKYYLILLHRLISLLLAYAHSLIYYYLILFIYIKHKOLRYYITIILICHFYSLCIRQVILCHGLTTLYVLLDOKPLIVYCGLIPCOFLLLHDPYRX
AIFOQTAFILLLIVLLGTSSLSIVKYVLILL=RLILLLLHVLHSL IVVVLVLFSYIKHKOLRYVITILICHFYSL CIRQVILCHGL TILGYLLDOKPLIVYYGLILCOFLLLHDPYRX
AIFOTAFILLLIVLLGTSSLSTIVKVVYLILL—RLILLLLHVLHSLIVVVLVLFSYIKHKOQLRVVITILICHFVSLCIRQVILCHGLTILGVLLDOKPLIVVYGLILCOFLLLHDPYRX
ALFOTAFILLLIVLLGTSSLSIVKYYLILL—RLILLLLHYLHSLIVVYYLYLFSYIKHKQLRYYIITLICHFYSLCIRQYILCHGLTILGYLLDAKPLIVYYGLILCAQFLLLHDPYRX
AIFOTAFILLLIVLLGTSSLSIVKYYLILL—RLILLLLHYLHSLIVVYYLYLFSYIKHKOLRYYIITLICHFYSLCIRQVILCHGLTILGYLLDAKPLIVYYGLILCAQFLLLHDPYRX
ATFOTAFTLLLIVLLGTSSLSIVKYYLTLL=RLILLLLHYLHSL IVY YL VLFSYIKHKOLRYYITIL ICHF YSLCTROVILCHGL TILGYLL DOKPLIVVYGLILCOFLLLHDPYRX
AIFOTAFILLLIVLLGTSSLSTIVKYVYLILL =RLILLLL HYLHSLIVVYLVYLFSYIKHKOLRYYITTL ICHFVSLCIROVILCHGLTILGVLL DOKPLIVYYG=ILCOFLLLHDPYRX
AIFQTAFILLLIVLLGTSSLSTIVKVVLILL=RLILLLLHVLHSLIVVVLVLFSYIKHKOQLRVVITIILICHFVSLCIRQVILCHGLTILGVLLDOKP=IVVYGLILCOQFLLLHDPYRX
ALFQTAFILLLIVLLGTSSLSIVKYYLILLHRLISLLLHYVLHSLIVVVLYLFIYIKHKOLRYVIIILICHFYSLCIRQVILCHGLTILYVLLDQKPLIVVYGLIPCQFLLLHDPYRX
ALFQTAFTLLLTIVLLGTSSLSIVKYYLILLHRLISLLLHYLHSLIVYYLYLFIYIKHKALRYYIITL ICHFYSLCIRQVILCHGLTILVYLLDAKPLIVYYGLIPCAFLLLHDPYRX
AIFOTAFILLLIVLLGTSSLSIVKYYLILL—RLISLLLHYLHSLIVVYYLYLFIYIKHKQLRYYIITLICHFYSLCIRQYILCHGLTILGYLLDAGKPLIVYYGLIPCQFLLLHDPYRX
ATFOLAFILLLIVLLGESSLSTVKYYLTILL .RLTIsLLLAYSHSLIVYYL ! LFiYIKHKOLRYYITILICHFYSLCTROVILCHGLTil gVLLDOKPLIVYyYGLIpCOFLLLADPYRX

Fig. 1. Amino acid alignment of the S1 genes of QXIBV and 10 IBV isolates.
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Fig. 2. IBV phylogenetic tree of S1 gene. The tree is based on the sequence of S1 genes from the 10 IBV isolates and the 16 reference strains, and
ClustalW alignment method for S1 nucleotide position 100~1,080. Phylogenetic tree were conducted with the neighbor-joining method using
MEGA 6.0 version. The bootstrap values were determined from 1,000 replicates of original data.

=JALS Btk ® 3k QX-IBVE KKI301, KKI302,
KKJ311, KNW401, KKJ3039} 237 %¢], KIS301,
KIS4013}h= 2471 H-9)7}F o2 A E& YERHcHFig. 1).

HAM

e |

Phylogenetic tree

w25 1059] IBV @7]4 @] 2]gt Phylogenetic
trees 4% 21 FW EEEH KMI1 Hrp F=9
QX-IBV Ald=z =g Ea 1107, 11026 I ==
CK/CH/GX/YL09-2, CK/CH/HuB/HC/123} Z+-& AL
4511 thFig. 2).
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=, 2013).

2 ZAbA EeE 10529 S1 Q714 E-2 100~
95.8% = =2 OP%AJQ Kol 2012~20144 01] dhA) =
AEA718A G2 QX-like A9R FHHS =st
Act E3F 7]t01] HE QX-IBVeH= 96.5 ~95.4%,
KM913}= 87.9~97.5%, 2011 =] E2]3 110263
= 99.1~98.1%, 2010 E2]5= 11102h= 93.2~91.1%
9] A5dS YErith

Lim 5(2012) 2007 A 2010 of Ha]¥ =
9] WAl HI201} K2¢f tfgh Hol&S H]aLsto]
K-1I7} o &3&olgta R84 1, Lim S(2011)&
2005~2010 of] E2]% =Y E2]3Z Korea group 11
(KM91-like @ QX-like)} e THEE|L= K9] 431
new IBV 2 Ea]|5191, Mo S(2013)% 2008~2011
| =2 B4 KM91-like, QX-like, new cluster
< RISkt KAHIS #}aof 2t M A 7| 8]
Ao Ao A 2014 7774, 20124 414, 2013 58
A, 2014 8770] A E i3, HEL 2011~2014
U7k 1097402 Exgro] 5574(50.4%), 24 394
(35.7%)°]Ack. = IBVS WAL K2b (QX-like),
K2a (KM91-like), K1 (M41-like) &3} AF=19 213} HI20
= K2F A=A & w0 220l HE e 7
¢k =9 R ot 5 WAHS A
T Zpol7t Sk o]efgh theke WAyl HEHH-S
71 o Aol hsdith 1Y EE Hio|H A f
x%z‘sﬂoﬂ u;}jé %ﬁm HH A] /\-]EHJ,} z%}_/\] ]oﬂ :Hfs} x]

R R NS My |

ol Hastelel bR E3E, Y vpo]# Ao

o 448 B WolRo) 24 1 vlolFo] thet
WAl Aol A &H 02 ATE|oof k.

2 =

MBI RelE 105 1BV SI gene U7]H AL
Hal27F 100~95.8%, W3 KM91T} 87.9~87.5%,
2512 QX-IBVEH= 96.5~95.4%, ofu] AFe Ea]z=
7} 99.5~96.3%= KM91 T} 68.5~71.0%, QX-IBVSF=
88.5~94.6%2] =UAES Hrl E3I QX-IBV:E
KKJ301, KKJ302, KKJ311, KNW401, KKJ3032} 237]]
2ol A KIS301, KIS4013H= 247 F-97} T2 A
g2 e Phylogenetic tree EAoA K-II W
KMI91 Kt} F= &2]5 QX-IBV Ald, 5ti¢] 1107,
11026 ¥ =29 CK/CH/GX/YL09-2, CK/CH/HuB/HC/12
3} e Ae] Sahelc.
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