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Abstract: [Background] Pigeon Newcastle disease (ND), caused by pigeon paramyxovirus type I
(PPMV-1), is a severe infectious disease. However, there is no effective method to control this disease.
[Objective] To elucidate the phylogenetic analysis of BJ-C and provide a scientific basis for the
prevention and control of pigeon ND. [Methods] Six pairs of specific primers overlapped at the
beginning and ending were designed. The genomic cDNA sequence of BJ-C strain was used as the
template for amplification and sequencing. The phylogenetic tree of BJ-C strain was established by
sequence alignment with the published PPMV-1 and NDV strains on the NCBI website. [Results] The
genome length of BJ-C strain was 15 192 nt. BJ-C strain had the closest genetic relationship with
PPMV-1/BJ-01/CH strain based on the whole genome analysis, with nucleotide similarity of 99.96% and
amino acid similarity of 100%. BJ-C strain shared the same branch with PPMV-1/BJ-01/CH strain,
whereas it was far from other ND virus strains such as the LaSota vaccine strain. The phylogenetic tree
built based on F gene showed that BJ-C strain was in the same branch with BJP2013 strain isolated in
China. The sequence alignment of the hypervariable region (47-420 nt) of F gene showed that the VIb
subtype strains including Pigeon/Anhui/2369/2012, Pigeon/Guangdong/GZ288/2013, BJP13, Pigeon/
Zhejiang/2036/2012, PPMV-1/Belgium/11-09620/2011, and BJ-C were in the same clade. [Conclusion]
The full-length genome sequence of BJ-C strain was obtained and the strain was grouped to the class II
VIb type based on phylogenetic analysis. Our results are of theoretical significance for the development

of pigeon ND vaccines and other prevention and control methods.

Keywords: Newcastle disease virus of pigeon; full-length genome sequencing; fusion gene; phylogenetic
analysis

B (Newcastle disease , ND)J& H B2
#£(Newcastle disease virus, NDV)5 | i) —Fp &2
&4 . NDV J& T Rl &5 8 (Paramyxoviridae)
Bl %&b 9% 85 W Bl (Paramyxivirinae) 1F % % 5% J&

250 AARETS R R g R ok 6 1L R B A
(pigeon paramyxovirus I, PPMV-1)5| & f—Ff
JEIRREARZE AL T XG5 e 1) 44 45 o ) PPMV-1
J&T NDV A8 R, i H 5 | S /% & fE R

(Avulavirus) & TE & 817 . NDV &G 15 F
Wz, 28RS KA K& S5 ] gy
NDV!' AT A AR N TR 5 2K £k

5539 ND # & RARRL, AR RS . Liu
ZEBINE 1996-2005 4E[A] 43 IR E N 14 BREY
NDV TR 238, RIA 10 #kJE T3 HE VIb
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A, A 3 FRVIId B K 1 ARIERIIRL, pEah, iE
A VI, VIk Z AR, WGET GenBank H
IVIk Bl NDV J74l £k 28 #EP1, 2018 4,
B BIEFE N B3 43 00 DA [ 0 5 [ g i 8 £ 3 1A 7Y
BT PPMV-110, 3878 O B P AR A A]
REZHE NDV, HAANIE NDV B K& 1
TEAERE AT, BT HErsb> &0 14 %4S NDV
MIFETT, §% ND Z5HH SCFREH kA ok ™ 8 1) 4 %
Bk 29 NDV BEAT DU YA, tun] DU,
HAREN AL DAL, MizmaEiges| ik
FRRE I IO i BE EE A DRI, A A BN RS NDV A
RERBRRZIIT M, XWXTPHIFEI ND
B ER, ELSLE AP 3 -, wl
P RS NDV &Y 7e 7 & S BT % NDV 3
DR 20 B s , A7 B TS NDV S0l B3 R 1 4%
TRIAESE .

AL S X S0 & R AF RS NDV BJ-C
PRUEAT LA )F , DU T ## BJ-C RiY 43k
KA HVRHEFI R G R T R R, H5Y NDV e
PEvE T & iy SR AR B O S RS NDV 2

F1 ¥VHEBI-CHE2EEFTIBGIY
Table 1

LI (T 2 S
1 #R5H*

1.1 #8
.11 FESEERF. UFE

RSN R BI-C AR A LR A
FREE Y. P EE RNA $eHGAGR 6, dbnt 0l
WIRLB A BR A w5 % 5650 & FastKing RT
Kit, RRAEMBHACARA A SR
PrimeSTAR Max, Ki%E45HBEAEYHEARGRA
7l ; pEASY-Blunt Cloning Kit F1/8%5Z 2 40 iy
Trans-T1, Jt & SAEVHEAREGIRAF ., 554
LAl R A L AR T R A R A
Al 54 HEhBER AR, AL FER B AT FR A Al
BT LR S BT AN, U BB AR AT PR A
1.1.2 5|4

4 GenBank H L 2825 A 11 R 8 W08 0 75
1) 4= JE R T 91 (5 55 MHB07446.1) L Xt 43
s, #it 1 6 XS5 1 % F1-F/R-F6-F/R
G D, 51 RITERBINE A EAR A w5

Primers for amplification of complete genome of BJ-C

Y727 ST 7 BRI
Name Primer sequence (5'—3’) Position Length (bp)  Temperature (°C)
F1-F ACCAAACAGAGAATCYGTGAGYTA 1-24 2102 55

FI-R GTCCTGTTGATTGGAGGTGTCTTGG 2078-2 102

F2-F GTGAACTAGGGTGAACATGGCAACT 1 877-1 901 2 255 59

F2-R AGCACAGAAGGTCCGAGTACATCA 4278-4 301

F3-F GACCCGAAGAGCCCGCTAGTAA 3 938-3 969 3124 59

F3-R GCAGATGTCCGAAGCACACCAA 7 0407 061

F4-F GGCTGCACTCGGATACCCTCAT 6 928-6 949 3072 59

F4-R ACCGCCACACTGTCGTCTCTT 9 978-9 999

F5-F AGACAAGGCAATCGCACATCCG 9793-9 814 3265 56

F5-R GACCACACGTCGAGTGCAAGAG 13 036—13 057

F6-F ATATTGCAGCTACAATTTCTCACCC 12 909-12 933 2284 53

F6-R ACCAAACAAAGATTTGGTGAACGAT

15168-15 192
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1.2 A
1.2.1 RNA RYE2E

¥ BI-C BREERD 9—11 HIRXGNE, [al bR
o AR RINA 37 65 4 100 B 45 3 B o1 i PR 48
) RNA, B 200 uL JREEWF)] 1.5 mL B.0EH,
T 400 pL 24 RLB, 7843 244#% , A 450 pL
LEEWRITIRA] o ¥ B IRA WO AR KA RA
W, 13 000 r/min B5.0> 1 min, FEWR; FIIA
500 uL Z<#E 1% RE, 12 000 r/min 5.0 30 s,
FEVW; A 500 pL ¥ RW, 12 000 r/min
B0 30 s, IR 13 000 r/min %5 2 2 min;
WAL 1 ASHT A9 JC RNA B 1Y 1.5 mL
L, A 20 uL Rnase free water $I % |,
12 000 r/min 0> 1 min, BF4LHH RNA AT
—80 °C45 H .
1.2.2 RT-PCR &I

P HREUR RNA S f% 58l cDNA. 5D
cDNA M#iH#Ef7 PCR ¥ 1, PCR WA R .
PrimeSTAR Max 25 uL, F . Fii#514(10 pmol/L)
£ 1L, cDNA f&#g 2 L, JGE/K 21 uL. PCR
RN 4AF: 95 °C 3 min; 95 °C 20 s, 53-60 °C
30s, 72°C 90's, FEFF 30 ¥X; 72 °C 7 min, PCR
PP 1 YRR R UK, S B BERUI
TE A JE HEA T R [RDIA
1.2.3 £ERFEAREFRFINE

I3 6 A R Bri% %3] pEASY-Blunt 244 I,
W42 AL B AT TR Trans-T1 852 28400
H, 37 °CHEFRAIR, PRERSERE 2 2N (100 pg/mL)
Pk LB K5373L, 37 °C. 200 r/min £55% 12 h
AT TR PCR %28 , %508 IERA OFE S 3% &
JERERO A YRR A AW, B EE
A3 AEE
1.24 F5IaoH

FI ] DNAStar 5155 6 4~ A By 4131 76t
&, A MegAlign ¥ L LFmy 2P 5 5

GenBank [ NDV {URREEK 4 275 #17 &R
SR E M, IHIFH MEGA 6.0 #4%F BJ-C #k
F 5K 5 GenBank H LA 51 NDV #AKkW F
FER AT RG R R

2 X504

2.1 RT-PCR %

FHE R ELE PCR 973 H LD, 3715 6 4%
FAARFEFERBE 1. 6 B BKE
42 000—4 000 bp (% 1), HHWHIMST.

2.2 %3 NDV BJ-C ¥k& & F 4 FF 5 E FA
iz

% RT-PCR K131 6 > F Bt A7 v e 5
FF, 315 T 4% NDV BI-C ¥RA R4 41 .
BJ-C #RIEHH 4K N 15 192 nt, 5 GenBank
B SERRS NDV SR K/N—3, 3 ET 37
FIFN 5 v e Bl 4 430 e 55 F0 114 MZ TR

1 £ NDV BJ-C #R£EE 5 B RT-PCR ¥ 18
Y KE M. Trans2K Plus DNA Marker;
1-6: F1-F6 HIWH B

Figure 1  Electrophoretic diagram segmentation
RT-PCR of complete genome of BJ-C strain of
amplified products. M: Trans2K Plus DNA Marker;
1—6: Purpose fragment of F1-F6.
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W, HH NP, P, M, F., HN fil L Z 1A ORF
FER KN30 1470, 1188, 1095, 1662,

1716 1 6 615 nt (& 2). BJ-C k3% K [a] fg 77 471
SR ZX08 NDV MR, NP-P, P-M Fl M-F J&[X
[ERE4R 1 AM083E ; HN AL &R 2 Rl a) ks 47 4>

BAE (R 2).
23 48 NDV BJ-C HrEREFHSHM
NDV Mk RFZ R E T

RETFoEHkekFlAaY 26 tHhsH kbl
ERG LB, K 3 fix, PPMV-1/BJ-01/CH
W BI-C S EHMORG LR REY), [F)E— ik
104332 o BAFERAIRITE R 99.96%, ZILERARLIYE
ik 100%; 1 BJ-C 7tk Class 125 #tk
JX07. LaSota % i bk (% 7 BRAR AT 83.27%,
IR AR UIMEAL R 61.77%)%5 354 5 R HTE .

24 BI-CHFERREBERZELZBES

¥ BI-C #RA S N7 51774k BLAST L
Xt, &I BI-C BRI 6 ME5H LK 355 PPMV-1/
BJ-01/CH %3 #f X b 3 B ) AH AL P £ =i o NDV
() F 2B 553 NEFERRAN, X0 Fmh
59.6 kDa, 3= £ T B 8 M55 1 32 4t M AR 2 ]
(A . F AR IR IE P R IR E F
A ZRAR T 0, R NDV B 1110 ¢
SR o 32T BI-C Bk F 56K o8 8 gt 1y 51 2
il 7415 #85 Class I AR IR 43 Class TS [A] 3t
KE# NDV B RGE KB R (& 4). SR BN,
BJ-C #k5 E MK 2013 4FJb a0 B kk BIP13 3%
GRZREY), ZATIRAHPIME N 98.38%, LR
AR 98.73%, Ab T [Rl—743 32, [FJEVIb &,
115 LaSota % i #k 55 Fo Ml B K] NDV il Class 1

51

3[
—H . -

|

[
I F2
F1

B2 BJ-CERALHMEXEREEKDBRKR

=
Figure 2 The structure pattern diagram and strategy of complete genome segmentation of BJ-C. NP, P, M, F,
HN and L represent the six structural proteins of NDV respectively.

I F4

F3

I F6

NP. P. M. F. HN 1 L 4354t % NDV 9 6 4%

F2 BI-C ’hERERBHIAER. SEEER. ZILEFIREREER

Table 2 Coding amino acid, sequences of gene start, gene end and intergenic region of BJ-C genome

Gene OREF position Coding amino Gene start Gene end Intergenic region
acid number

NP 122—-1 591 489 ACGGGTAGAA TTAGAAAAAAA T

P 1893-3080 395 ACGGGTAGAA TTAAGAAAAAA T

M 3296-4390 364 ACGGGTAGAA TTAGAAAAAA C

F 4550-6 211 553 ACGGGTAGAA TTAAGAAAAAA  CTACTGGATATAAGCAACCGAAAAG
CAATAC

HN  6418-8133 571 ACGGGTAGAA TTAAGAAAAAA TATGGATGGTAGTGAAATACAAGGG
AAAACAACATACAAAGGCCAAC

L 8387-15001 2204 ACGGGTAGGA TTAGAAAAAA
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PPMV-1/BJ-01/CH (MH807446.1)
100| piNDV BJ-C
PPMV-1/Belgium/11-09620/2011 (JX901124.1)
HN/01/20/Pi (MZ223437.1)
Pigeon/China/TJ2017 (MW147625.1)
GS/12/17/Pi (MW271788.1)
(I Pi/CH/GXG6/2013 (MK469971.1)
Pi/SH/CH/0168/2013 (KT163263.1)
PPMV-1/Belgium/98-238/1998 (X901109.1)
3824 NL/Human/2003 (KJ544861.1)

L QH4 (F1751919.1)
67],BP01 (JN599167.1)

{ HB/1/05Dk (KM977903.1)
- NDV2K35/CH/TN/2003 (KF740478.1)
499-31/2008 (JX119193.1)
NDV/Chicken/Togo/AKO18/2009 (JX390609.1)

100 [ 1X07 (JF893453.1)
|-NDV/Pigeon/China/Qinghai-O1/2014 (KT223818.1)
54 Herts/33 (AY741404.1)

100 [ JS/9/05/Go (FJ430160.1)
62 Peacock12 (KJ769262.1)
97| LaSota (AF077761.1)
100 B1 (AF309418.1)
MG_725_08 (HQ266602.1)

99

99

99

50

9
99

70

H
0.1

3 HBEFSEERARZAERN  GenBank 354 T NDV #MMFRZ )G
Figure 3 Phylogenetic tree of complete genome of NDV. GenBank accession number were listed after the
names of NDV.

ff) NDV 35456 REGE AR F RRNGTFIE 5 BI-C #HA TR 403, FELREIL,
AF X Ik (47-420 nt)Z: il TETRBEVIRINDVE) M5 EAAE R VIER NDV S#HOESECRE
KERE S), R ER, HETFERVID WH  E. ZEEEF S REN, BI-C HJET Class 11
3R B ‘L BPk Pigeon/Anhui/2369/2012, 7 Z-bk  JE[AIVIb WA! NDV ##k, BJ-C #kY Class 128
Pigeon/Guangdong/GZ288/2013 . dtiitk BIP13  #ifk JER VIIEIFE KK ) LaSota WK AR KT
K AR PPMV-1/Belgium/11-08304/2011 45 & R HL,
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95

81 Italien (EU293914.1) 1TV

60 - Pigeon/Anhui/2369/2012 (KM374058.1)
99 I~ GZ288/2013 (KT381602.1)
100| L Pi/SH/CH/0167/2013 (KT163262.1)
BIP13 (KF828884.1)
77L piNDV BI-C
Pi/CH/LHLJ/110822 (JX486554.1)
100 o7 | PPMV-1/Belgium/98-238/1998 (IX901109.1) VI
991 0.025 (EF026579.2)
61 80! Newcastle disease virus_strain 1.3 (EF026583.2)
Dove/ltaly/2736/00 (GQ429293.1)
NDV/Altai/Pigeon/770/2011 (KJ920204.1)
NDV2K35/CH/TN/2003 (KF740478.1)
Chicken/U.S. (CA)/1083 (Fontana)/72 (AY562988.1)
43 Chicken_Sweden 95 (HQ839733.1) i
100 —— TW/2000 (AF358786.1)
100 {HB/I/OS/Dk (KM977903.1) VII

Chicken/Bali/020/10 (HQ697261.1)

83

99

GD1003/2010 (KC152049.1) 1 XII
NDV 2K35/CH/TN/2003 (KF740478.1) } -
Nagpur (KP089979.1)
Avian-913-33-Nigeria-2006 (FJ772449.1) 1 XVII
9 Chicken-2601-Ivory_Coast-2008 (FJ1772466.1) 1 XVII
100 [ NDV/Chicken/Togo/AKO18/2009 (JX390609.1) JXIV
01/10 (JX974435.1) IV
QH4 (FI751919.1) JVIII

85 Class 1T

71

MG 725 08 (HQ266602.1) 1XI
. 100 { Mukteswar (EF201805.1) }III
| 1S/9/05/Go (F1430160.1)

FJ/1/85/Ch (FI436304.1) 11X

100 — R8 (HM063424.1)
82| 96 [DK13(KT186351.1) I
1-2 (AY935499.2)
o1 100~ Mallard/US (MD)/03-632/2003 (GQ288379.1) }

I Mallard/US (MN)/MN00-39/2000 (GQ288392.1)

LaSota (AF077761.1)
1001 — APMV-1/Chicken/U.S. (TX)/GB/1948 (GU978777.1)[ II

94 Peacock12 (KJ769262.1)
Chicken/(JuanLopez)/499-31/2008 (JX119193.1) J XVI

95

—
0.02

——— NDV08-004 (FJ794269.1) } Class I
100 L——— Qinghai-01/2014 (KT223818.1)

4 BETFHBERHFS FEEMARKZLER  GenBank B¢ 55+ NDV ka2 ) b RZIEA

RIFHI 2 5

Figure 4 Phylogenetic tree of NDV based on F gene sequence. GenBank accession number were listed after
the names of NDV; The scale bar means sequence difference.

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



BRI S AT # BI-C ) BRI ALY S R G R B b

5041

61

50

40

88

67 Pigeon/Anhui/2369/2012 (KM374058.1) N
4|7— Pigeon/Guangdong/GZ288/2013 (KT381602.1)
—— PPMV-1/Belgium/11-08304/2011 (JX901123.1)

341 PPMV-1/Belgium/11-09620/2011 (JX901124.1) VIb

BIP13 (KF828884.1)

piNDV BJ-C

Pigeon/Zhejiang/2036/2012 (KM374061.1)

56

83 56
41

P4 (HM063425.1)
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JS/07/03/Pi (F1766531.1)
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591 PPMV-1/Belgium/98-248/1998 (JX901110.1) ] VIb
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o1 B NDV05-029 (FI766528.1) ] Ve

08 Pi/CH/LJS/1/04 (KJ607163.1) ] VIe
JZ“: Pigeon_paramyxovirus-1 (AY325798.1) } Vi
55 SZa9803 (AY390292.1)

JX-1/94 (AF458021.1) ] VIg

BG-72/74 (AF402116.1) ] VId
—|46 —— Kuwait 256 (AF001109.1) ] VIc

38 r ZhJ-3/97 (FJ766529.1) ] VIf

98 |
| ——
0.01

& 5
NDV SR Z M2 )5 BT NDV A A

E T #ip& % Class IEE VI E F EE ST [X47-420 nt) R FK L B/

CH-1/95 (AF001132.1) ] VIc

GenBank &% 5% F

Figure 5 Phylogenetic tree of NDV based on a variable sequence (47—420 nt) of the F gene of the
sub-genotype NDV strains in Class II. GenBank accession number were listed after the names of NDV;

Roman numerals: NDV genotype.

3 & #

AR, BEE SRR AW &R, 7Y
ND Afiaf 28 E TR, faF Hila™E.
B2 W58 A B AR P43 88 NDVEL, A%
WFFEXS 43 B HOAY NDV  BI-C ¥EIEATIN 4347 &
B, HIERA 4K N 15192 nt, G IS

N, S5EMRERY NDV 5 R 4K —3%,
GERREN B A 3'-NP-P-M-F-HN-L-5', 44
NDV 4= 3 R4 RRE® NDV 4856 R R i 5 (X
YL R L 15 (gene start, GS) \F: [A1 X || (gene end,
GE) F1 45 #4) B [X [8] % )7 3] (intergenic  sequence,
IGS) B 8 iF W RE A6 R g o8 1™ ARWFIE Y
BJ-C Pk F 2K GE J¥41°h TTAAGAAAAA,
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% 5N IV A Mk Herts/33 . 5E A VIR 35 £
pi/CH/LGD/110208 %/ GE F3IMF", 4
NDV AR, L FBEELE 116 1117 (i
R 2 Al B% , TR F1 A0 F2 BB E MY,
ZWit5E kst F 2115 NDV 816 & Hi%
SRIBE, T F 2K [1RE & 94 1 32 40 M 2447 5 Bk
LM A0 oS AL B E IR B H 55 B 2L
SRR IR B Y, NDV R R R A 3
FRAE 353 B 2 PR/K-R-Q-K/R-R-F'7H314 | i
7 "2G/E-K/R-Q-G/E-R-L" We#e % W, 1T NDV
598 F 2R 12400 00 A ik 2 R 2 g b e
FREA, FEATEAM, FBEOLA T
0o, TS s B AR B 2k o AT,
BJ-C P F 3 IS4 PR-R-Q-K-R-F'7,
FFA AR E , (H2Z AT ABF9E 20T, PPMV-1
) F 2R A 40 A7 o5 S I TR L AN RE S AR A 1
HEE I M —bR !>, L, TR
B 1A T I SRA G — P I E . AR E
TE 2014-2021 4F[EE4E T E 24 X 3G & 1
RS T, A E] 76 BRAY NDV, IxfH
18 AR T IE AU AT, K BT 4 5 4k
F EAH&A "PR-R-Q-K-R-F"7 27 5, T
HiX 18 BRACE I JE T VIb WA 3 S AT
5E11) BI-C kIRl @ F— AN AL, feii A 58 &
fBA b DX B RS R B Ar B T XXL2 AU A
NDV!'™L Ht, KRR ZZMES NDV e s
5, B LEXTRS NDV RS A B X R
W

HWEHW, HREELEHT VIa-Vik 11 4
A NDV ##EP, NDV 430856 HtE Ak B o
TRV B EE, I 5T & a5t
NDV F & [ # BRI PEEg U0 ok X 53 NDV 8
PR FPZEN200 B i 22 3L R 4 BT 00 J 3 0 2
NDV #4705, % NDV 4356 75 1k 1 5 2 2
F FIH ) CDS X PVl i bt H F 3 R e AR

X (42-470 n)#F1TRGE R B/, BI-C /8
WAREKNARGFE KT LB, ZEkRIS
Belgium/98-238/1998 43 & #k 7l J& — A~ i fk. 43
X, JRT VAL, 17 [ At dnk g k1Y) 2 2%
KRABX L . BI-C bk F 5K 5 [ 4 A2 kg
TTRELEG TR, %5 B oS3 E I ik
BIP13 thI R K BH R R KL, 5 LaSota J 1
MAFEHAL E NN S Z R R AL B R RBIE.
[FRF, BJ-C /0 Bibk F RN S EX P RELT
ST AR R, B bk S TR R Bk
Pigeon/Anhui/2369/2012 . J~ Z#k GZ288/2013 .
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N A BR Belgium/11-08304/2011 45 )& F In)
— A3, BT VIb WAL, X5 EARER
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