Original Article

Journal of Veterinary Research. 71,4:463-471, 2016

99529 SamsS g5 95 (45 wlew! g (ol 0520 9 J9Ug0 Cuygh i

Toalj (Sloal iz 70315 il 39rume T (539,50 (2 UIB 51 oo )5 Mg
Ol ) RS e yrd OB (Suyaald 038 (ygdo S\ fows 05,8 (N
AR e e 3 ISENS (Sb3ald 082 (g3 gl 5 Sidam S 095 (¥
OV @S @S « )y Gl p oy g (g duansge (¥

(W0 olo yoo Vi led (s VYD olo 15 VY :ellde s )

Copln s 99 20> Slaisi] sords > 4 a5 0392 (LSTe )3 (eoliatll Jlas 3l e (glony S Sighe Sl 2anlllan die

90 2 03 Ol Gopon el adlllas i g Sl 2ol 133 )3 poub Cantio 13 (> JSdie S5 i s)lo ol 35S «(Sgte
05 bl 2 (i o2t 5 (JgSge Cuagn (s anlllan (il plol 1 pg ) s 392 000355 plol y9uiS Clises 3 (gl JLo lacigis
FS 95 (5 oz 0l 2158 gy Al oo WATITAY (gl Jlo 3 ool (0855 (slaalS flond i (Sgie Cantp (o909 S S
02 i (glayl38l p 5 b g iS5 oLt (gl joul l o0liital b Sghe Caniig p g g Cliste cuigif €99 o Jl b 03 deS
s QX Cumgzlulo 09,5 Sgde Cunlig (Sl g g (olisd 0,08 Hlai Jl: gl i8S 13 Julowi g 0355 390 )L (sl g (il
Al ool o Lt o p> 4l )3 ol o i (gl g g o JUS )3V by (g g iy 9 40385 51,8 395 09)S 2 BIVAY
530 AIBKG 9)-IBKG Caigi 93 (s L3 oy yiatin ol g3 g 0l 283V B AVAY 0 dalllae 390 Cilisto (slndy gy cdigal
s e85 550 1) & gy (ATBKG 5 D-IBKG (sl yogpss) ¥ ol 5 QX casigh§ 99 eyt s 30 2a 9 BIVAY 9,5 13 alllas
A9 aoxio VB F G g g (ol )3 g0 48 31 i Sl jgilgns (gooy o Al oo U Ui (o cliablons) S 52555
395 3 iS5 oyl e bl 3l oxlisil aise > cswlio oMbl 155 o dnlllan oyl 5| ol ol 2 ool 6 pS a0t 5 )5 Wl ey lo Vo b

Ol (J55050 (S5)gaal (yizead 5 S 5 55 (Sl puSTy ey et sl by, 9 1Y) oS 1 g5 Ca oS 5 9 slain

Aiat A AW 5_)\.&.:}' N\ 8y83 AVAD &é-:uhﬂ\} u\a.,:ﬁ;ﬁg\;u v 5 A\

YFAF-IYAY adle o SwgS als jlou las B Jede Cumidg

CXWLES

Aol j9uiS )3 oo (w0929 (6 o

(ol 0yl o JgSJge Cogh peend ¢ 5Ly Sghe g (19909 diomasS 9515 5 2 glS g0

Sl ol g 25U S S 528 53 (32590 Lo yo9 9 guSialsly
rogise odas (150 A5 oo wtl B LSS 5 3 e 3 o] oS
Wbk poij o Jlal 4l Jobds Jituws 4l 93 jl dpanS 92l o5 (30592
9 (NTD el dasl WYY Jghay V5o 15 YA Coumbigo il daol ) (sl
Sl 1 catal dpasl VoA Jshay CCTD) Jlise 5 C (ygusol 3yl ddlae
Sl Y5 Jolas) (o poo j| (i diilato piomods A3b oo (YYYZ YYS aiel
S5 Syt (Slb gy dpnnS 9IS (eligyy 3 (VA+- V70 catpe]
S d 9 3285 (sl 0L sl sby) ol ord (plwlid (S0
51 005 e MalS b g o3liil (55  Spis Copiig p (sladslas
i g oS s (sl ool T 3l okl olusl yp Casig oo (g dwd
S S 9 (2195 () el 8V (5 55 e ol 3ol s
4ol OB pgind S g ) 9 B 5055 B o nslis)S
ploxl 5,135 gl Yo o F Jlo 5 oS 5 Seyfi Abad s 35 4 Ly
Y-\ Ju »» Bozorgmehrifard ¢ Vasfi-Marandi (V) 45,5
Sladle ()b (Sede Cadign slawang (59 » axllas yop

dardo
018 5513 93> (51 sl (S los S 58 (IB) Sghe g
53l Eerat] (g5 paizmans 5 eSlo Sl ol
2 Sl sUgS1y y odoxio WYL 13 )b el (gl (Sste Co gy
g Schalk buwgs (5 lows diiune Loy s 5 adblive VAT JLw
13 oay230issS LIS (S, TBV (W IY) 133,51\ JLs > Hawn
Capdig 2 909 P935 ol 033 329 Ug)yS 0353l g iz 1o Ug S 03l 5
~YAKD 551> oS ol Cozio lad glansy SGRNA B,y JSsas
£ 25le ¥ elasl 3 9 SaMS gl )ls &' sl 3 pgs5 0> Joto YV/O
SS9 () JSb (65,5 85 Jols g g sl g ool
RNA (35 ey ol (N) deaneS 52055 5 (M) (oS0 5o (E) Lot
Al oo ol o (Al sl ¥+8 Jokoy #+-0-KD@) N (3559 0 g
sl g) ) Sy IS 998 00 33T US43 31 4o spuneS 5S'5
PM (55590 b Lol S 21S 5 4 o 5 0 VP 6 VP J3o
099 Sk s cnl g andly Jlaiil g Jub wuodog il pglsSis
9 B 929 Sl 92l 93 OS¢ ol L g5 o gy diny

Email: ghalyana@utacir S-#Fary: sl -2 WIWADY 1als ) st s 5 (%



AWAD o led WY 033 (Kb jeals S \Rded s

(V) 23,5 aulio
900 do 5 (slaaizal dl o5 5 ool b zay il jUs b cyppuss
The PSIPRED Protein Sequence Analysis ol 5l oalaz ol b
p9d Lo (hitpy/bioinf.csuclacuk/psipred) Workbench
2o su (i RNA 4 Jlail ag Jloio byl cpmes
httpy/) BIndN ol lawgs aiily (awgps RNA 4 Jlasl Jiles 45
L5455 (/bicinfo gge.org/bindn

@L“d
o 9 Sl ol g ¢ 2 (g5 a3 590 dnlad JLo)l 5l e
Sl gwgyg (JolSS s Sl catal daad olisl ol 03 255
Jo yd (\ )4949.:) asly )I)B U‘)"‘ )I W) lJ.> d[ﬁw9ﬁ9 )JLu) )LS 2

IR-Ur1 09(HQ607366)
70 @ IGKH-4
@ IGKH-3
91 @ IGKH-9

IR-MNS7862-1(HQ607365)
—92: IGKH-2
IS 1494(EU350551)

494:3 1366 Var1(EU350552)

- IS 1173 04(FJ589732)
—: CR88(IN542568)

33| @ IGKH-8
—L @ IGKH-1

— &5 4-91 Pathogen(EU780081)
453‘191 Vaccine(KF377577)
CK CH LSD 110857(KP118885)

100 —— M41(EU116941)
L H52(AF352310)
JP8443(AY363967)
Gray(M85245)
CK CH LSD 05I(EU637854)
TCV(GQ427173.1)
301 Connecticut(KF696629)

Arkansas(AY942745)
4‘95 H120(AY028296)
100/ @ IGKH-10
CK CH LLN 111169(KF411040)
& QX(KF853202)
e {CK CH SD10 0039(JF738087)
95 @ IGKH-7

100 ® IGKH-6
87 ® IGKH-5

0.01

‘;;);‘.pc,_:_;i)ﬂ‘_;uw}ﬁ}wuaﬁ._,t.c)\a.iu@q.bﬁ/c,.;):.\}__ij.al
el AT ladle b 2858 Sl o 5leus lux (IBV) 08
53 UMEGAD 1510 5 L G b e j5 S 28 gl sladea) IV
bl b e 5 1SS Ve slady, 05050 5 Neighbor-Joining 55, Ly
.w‘ad.ij)fumé.b}ijjcﬁb LandUan ol )5 ooy o3y 50 ol

a1

Sl ;3 Olilbe (Lo (1) K905 ST 5928 1) w99
SIS el 5 VIR 5 VIR VY + IS, IS /VFAF (B/VAY g loko
Cawgarlulo 09,3 035 (sbayuSTy il pols Jls jo (Ve VW) il 0a
JpS g (B81) 5 IBAA ¥/ QY) B/VAY 0, S 4 (HY+ 3 MAD)
B335 oo 030l (il youbo (90 E)150 2 (Sghe g 6 lon
(59 Canligr (929 S $S 9 (0 (595 32 (el slaalllas (158
5 90 Cugh (el dalllae ()l plol | B g 35 4 i )0
oAbl (Sgde Cundign g g desS $lS g (1 olal o (olidoyons

ity o WRELIYAY (gla L 5 565 (slalS |

S5 09593090

oSl i g g o8 inloj] ) saniliane 3,90 (sLdvdiges
OB (Sghe Cudign gy @O G0 oSl (Sl
Caligg & SySie (255 laaS alSy b) (s slaige’s
alis Cuigss W3 o 54033 T ATAFWYAY L 3 ( Ssas
oz g (Canl s 03y leMbl) (lwlid Slpwl 45 (olul 2
V Joix olil g cuigf bl dalllae ol 3 oalai il 390
s ol

RNA ¢l 5l oS )l sslazul L RNA gl 5wl :RNA 1 5cw!
o 0353k Joll 9205 3ubo (Cat NOPRAVVEY +) (yglS L 8 5
i

LiiS1g o(RT- Reaction) (we—Sae (5,0, Sy, (isSTy
<8 5 CDNA cdlo coS il oxliil b (RT) osSan 5yl gl
b i 3ol yaul s ) 3l b g (Cat NO:KVEYY) jlitie
Cd S oo

ey loyemdy STy 1 il Ly N 5 i3
0 layely )l oelaiwl L awSylSy o5 «PCR)
a5 Y GAATTCCCGCGTGTACCTCTCTAGTA
5l oslazwl b 4 ¥ GGATCCGCTAAC-TCTATACTAGCCTAT
(Cat No: PRAYYC) glS Lo &8 5 PCR (YX) VX S yismo
Vo) 2)8 iS5

PCR ¢S Lawsgi PCR &Y guasts & il 8 yoed S 4> o o3
s 9 ,als (Bioneer Co., South Korea) AccuPrep® PCR
Bioneer Co.,south) PCR STy 55 eslatwl 3)50 (sboyoul w b (2L
2 2350 FINCH TV J)331 2 5 bl Sgilog S .005,5 plowil (Korea
L O MEGA 38l py3 jl oslial b i o,5n 5 e y3 5 8,5 1,3
aigel sl Jlgs wlol w Neighbor- Joining i, ;1 esla !
o 212 Losal sy glainel dsl (59808 6 (sl JIg5 0038 a5

03 S Jloads it SN 52 (Sghe iy w9 g demsS $HlS 5

¥



F50 SmasS IS 93 ()5 ool 2 (FohE Caniidg p2 w9 g (wlind )28 anlllne
il i i
IGKH-1 SAGNASWFQP |KAKKLNAPQ PKFEGSGVPD NENLKPSQQH GYWRRQHRYK PGKGGRKPVP 60
IGKH-2 . . e e e e e e e e e e e e e e e e e e e e e e e e e 60
(e NrR e s 8 00800 0000 cc00o0n oobO0o0oO0cG00 HO0oboooo0do Caooobaana |75 Gocooonooa 60
IGKH-4 . . e e e e e e e e e e e e e e I#5 Gocoo0ocoooo 60
IGKH-5 S P A L [N\ a8 cancaacs boaoa N A Q......... 60
IGKH-6 S....... A L........ A e e N.... ...... A Q. ........ 60
IGKH-7 S. ... Baaccaons ;N\ s bocoooaoo oDoooa Llaeaa aooooa A Q. ........ 60
[l g 6 5 6000000 0000000000 0000000000 0000000000 0O0O0DOOGDO0GO O0O0O0GOO0CGLD G 60
IGKH-9 . . . . e e L N.C Q....... F. 60
IGKH-10 .8....... A ol s enoooo0o0o00a ooooa e /N568 oo os K.S.. 60
Consensus SXGNASWFQP XKAKKLNAPX PKFEGSGVPD NENLKXSQQH GYWRRQXRYK XGKGGRKPVP
slo 1(|>o 12]o
IGKH-1 DAWYFYYTGT GPAADLNWGD NQDGIVWVAA KGADTKSRSN QGTRDPDKFD QYPLRFSDGG 120
(el A e s a0 e0aaa aa0a0a0ans S IR 5\/6 0000 GGo00G0o0G000 GQO0o0O0O0GobG 120
IGKH-3 . ... ...... ...... H S....... S. L. e e 120
G = s e atasaa S. ol?7e 0000 Gcoocadoacoo cooooooooa 120
IGKH-5 . . ... ... .. .. ..., S...... ... Voo F........ 120
IGKH-6 . ... ...... ... ... ... S. ... o\/oboan Gacaooooooa Fe 600008 120
e/ G 6 88000000 0000000000 )06 0o0o00000 0\/o 0000 0000000000 5000000 120
IGKH-8 . . . o e e e e e e e e e e e e e e e e e e e e e 120
IGKH-9 sl\loccaoo oooooooooo Jocooooo0oo oooooooooo ooooa tJoooo cooooooooa 120
IGKH-10 . . . . oo o e S....... - 2 120
Consensus DAWYFYYTGT GPAADLNWGD SQDGIVWVAA KGADXKSRSN QGTRDPDKFD QYPLRFSDGG
IGKH-1 PDGNFRWDFI1 P11 132
IGKH-2 . ......... .L 132
IGKH-3 . ......... .L 132
IGKH-4 . ......... .L 132
IGKH-5 . ......... . L 132
IGKH-6 . ......... . L 132
IGKH-7 . . ........ .L 132
IGKH-8 .. ........ .. 132
IGKH-9 . ......... . L 132
IGKH-10 . ......... .. 132
Consensus PDGNFRWDF I PL

oS 2S5 8y 53 (NTD el Ao AYY Jsdoy V70 U ¥R ol o anT darl 1) J s 5 N p 55 4 Jliast U oo s i T Al G V5 s pon Y 5S

AFREFAY ladle b 2858 sl o Slois i (IBV) O, Jsie oty r Sy 2 g

20 40 60
| | |
IGKH-1 RYCKRTVPPG YKVDQVFGPR TKGKEGNFGD DKMNEKGIKD GRVTAMLNLYV PSSHACLFGS 60
IGKH2 ...... 65 nion 4300000 G000 e0c00 0 BoRod EA R I r T e I T LT T 60
20
|
IGKH-1 SGRSTAASSA ASSRAPSREG SRGRRS 26
IGKH-2 o v ot e e e e 26
IGKH-3 o v v o e e e e e 26
IGKH-4  + v o e e e e e 26
IGKH-5 . .. ....... TV. .. .. ... 26 Consensus RYCKRTIPPG YXVDQVFGPR TKGKEGNFGD DKMNEEGIKD GRVTAMLNLV PSSHACLFGS
IGKH6 . v ovvvvn .. TV. R ...... 26 ! ki
IGKH-7 . . . . o oo .. Ve 26 IGKH-1 RVTPKLQPDG LHLKFEFTTV VPRDDPQFDN YVKICDQCVD GVGTRPKD 108
IGKH-8 « « o v e e e et e e 26 it LS R o
IGKH-9 T 26
IGKH-10  © o e e e e e D. ...... 26

Consensus SGRSTAASSA ASSRAPSREG SRGRRS

Consensus RVTPKLQPDG LHLKFEFTTV VPRDDPQFDN YVKICDQCVD GVGTRPKD

Lol Y8 Jshay) e 1 8 ailis Gl dwl G IV s en ¥ suas
Q\f&x@)j};k:_‘ijjﬁksuwjﬁ)Mjﬂffﬁjﬂji(\ﬂ-—\fakw.\
AP sadle b 288 slaas s> 1ol 1 (IBV)

YU o e abloea Ly 135 (N) S 5215 55 035 1 s o o omlie
ay/ss Cadbl.u.u d‘)lb QX 05; » adllas L)" @]);l ‘51.6‘)»9))9 Jw)l;L;o

(e .J.J.)y (K.FAQY‘Y'Y) QX U929 4..,9;9)9)4 l: Sdwoyd av/ey b
V-UR Sl g b dalllan 390 (slaaslin ¥ il lg gladsgw ol

CTD) Jls 5 C Oz o) ailain S haienT sl (S 15 (o> yod T 5023
SLa s s oS S5 g0 03 (VY= VP el ) sl sl VA s
sLdle b 288 Gl o jloas i (IBV) 05 W 5 ke ooty

AYaf-1yay

AVAY (p axlllas 3590 Calisee (gl gun o dinal gl bl i
V-IBKG 3555 93 oy LSy i (yuimads ol 039 ZAYVO U
o eapliio oy 2eS 039 BVAY 05,5 )3 aalllas 3,5 A-IBKG
(A-IBKG §0-IBKG (sl ywg,29) ¥ <l lg g QX slbcassss g




AWAD 8 yled MY 053« SCb a)s i s

\ids

Sequence:

Prediction:
Confidence:

Sequence:

Prediction:
Confidence:

Sequence:

Prediction:
Confidence:

Sequence:

Prediction:
Confidence:

Sequence:

Prediction:
Confidence:

Sequence:

Prediction:
Confidence:

Sequence:

Prediction:
Confidence:

MASGKATGKSDSPAPIIKLGGPKPPKIGSSGNASWFQALKAKKLNAPAPKFEGSGVPDNE
R it o o o e o S e e
556296979557254686522484792597452237367657746254375232353323

NLKNSQQHGYWRRQARYKQGKGGRKPVPDAWYFYYTGTGPAADLNWGDSQDGIVWVAAKG
B o s L e +-
247656686657884999889779835359659343453244472243256669397863

ADVKSRSNQGTRDPDKFDQFPLRFSDGGPDGNFRWDFIPLNRGRSGRSTAASSAASSTVP
tt+-tttttttttt ot - $----- F--f-------- s o o o e e
562889899789522666373947225453246269794849699799952985478822

SREGSRGRRSGAEDDLIARAAKIIQODQORKGTRITKQKADEMAHRRFCKRTIPPGYRVDQ
s t--t----- e e et et~
899799799725476878497665242578789578527343542633873425326844

VFGPRTKGKEGNFGDDKMNEEGIKDGRVTAMLNLVPSSHACSFESRRTPKLQPDGLNWKF
-1l e Bl ----- s i
525287959635443426335575458827794894226527266897783624454637

ELTTVVPRDDPQFDNYVKICDQCVDGVGTRPKDDEPRLKSRPNSRPATRGNSPAPRQOQRQ
——————— e o e P o S P o
674257474532664594997799644279575655838898799969968997999999

KKEKKSKKQEDDVDKALTSDEERNNAQLEFDDEPKVINWGDSALGENEL
tttttttttt - - e e
9999999754348637556722853457578798388359625664568

IBKG-5 (QX)

*#* Prediction: binding residues are labeled with +> and in red; non-binding residues labeled with > and in green.

*** Confidence: from level 0 (lowest) to level 9 (highest).
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Abstract:

BACKGROUND: Avian infectious bronchitis (IB) is an economically important poultry
disease. The emergence of new infectious bronchitis virus genotypes has complicated IB
control programs. OBJECTIVES: This is the first comprehensive molecular analysis of the
Nucleocapsid (N) gene of Iranian IBVs. METHODS: The nucleocapsid gene of ten IBV
isolates (which belonges to four different genotypes) was amplified using specific primers.
The phylogenetic trees were constructed based on nucleotide and amino acid sequences of
“N” gene. RESULTS: IBV genotyping based on “N” gene showed similar IBV classifica-
tion which was obtained from spike gene analysis and ten isolates belonged to Massachu-
setts, QX, 793/B and Variant-2 genotypes. Different strains had 89.97- 99.75% homology
in their amino acid sequences. The highest nucleotide sequence similarity was observed
between IBKG-1 and IBKG-8 (793/B type IBVs), while the lowest was seen between
IBKG-5 and IBKG-9 (QX- type and Variant-2 type) IBV isolates. This low similarity
is of an interest because the N protein is highly conserved among different IBV strains.
“N” Protein structural analysis revealed that the isolates has 8to 10 alpha helices and 6 to
8 beta sheets. CONCLUSIONS: The present study provided basic information to develop
recombinant nucleocapsid proteins that are applicable in rapid diagnostic tests and ELISA

and recombinant vaccines.
Keyword: avian Infectious bronchitis, nucleocapcid, phylogenetic study, characterization

Figure Legends and Table Captions

Figure 1. Phylogenetic tree of infectious bronchitis virus isolates from broiler chickens during the years 1393-1394 based on the
amino acid sequence of the nucleocapsid.

Figure 2. Alignment of amino acid sequences of the DNA binding domain in the N-terminal (amino acid position 29 to 160 amino acids
in length 132: NTD) in the viral nucleocapsid protein of avian infectious bronchitis (IBV).

Figure 3. Alignment of amino acid sequences of C-terminus of dimerization region (CTD, a length of 108 amino acids, amino acid 226
-333) in the viral nucleocapsid protein of avian infectious bronchitis (IBV) isolates from broiler chickens during the years 1393-1394.

Figure 4. Alignment of amino acid sequences of serine rich region (length of 26 amino acids, 165-190) in the viral nucleocapsid
protein of avian infectious bronchitis (IBV) isolates from broiler chickens during the years 1393-1394.

Figure 5. Predict the location of the nucleocapsid binding affinity for RNA using the online application Bind N shown in the way
IBKG-5 (QX) is given as an example.

Figure 6. Secondary structure of Nucleocapsid protein in IBKG-5(QX) IBV isolate e using online software (The PSIPRED Protein
Sequence Analysis).

Table 1. Isolates used in this study based on infectious bronchitis virus genotype.

Table 2. Number of beta sheets and alpha helix on different strains of avian infectious bronchitis virus (IBV) isolates.

*Corresponding author’s email: ghalyana@ut.ac.ir, Tel: 021-61117154, Fax: 021-66933222
J. Vet. Res. 71, 4, 2016



