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Abstract; To clarify the genetic characteristics of prevalent pigeon paramyxovirus type 1 (PPMV—-1) strains, PCR was performed, in this
study, on suspected clinical samples to detect PPMV~-1 and other exogenous viruses. Phylogenetic tree construction and analysis of variations
in key amino acid sites were carried out to conduct a detailed genetic evolutionary analysis of the PPMV~1 strains, aiming to provide a theo-
retical support for clinical prevention and control of PPMV—1. The results showed that 5 out of the 140 clinical samples were positive for
PPMV-1, with varying degrees of co—infection with pigeon adenovirus type 2 (PiADV-2) , pigeon circovirus (PiCV), and pigeon herpes-
virus (PiHV). The F protein cleavage site sequence of all the 5 strains was'>RRQKRF'"” | consistent with the characteristics of virulent
APMV-1. Phylogenetic analysis based on the hypervariable region of the F gene showed that all the 5 PPMV -1 strains belonged to genotype
VI.2.1.1. 2. 2. The nucleotide homology of the F gene ranged from 93.8% to 97.3%, and that of the HN gene ranged from 95.7% to
99.4%. These results indicated that genotype VI. 2. 1. 1. 2. 2 remains the dominant epidemic genotype of PPMV~-1 in China. Notably, com-
pared with the commonly used vaccine strain LaSota, multiple amino acid mutations were found in the neutralizing epitopes of the HN protein
of the 5 strains, which might lead to incomplete protection provided by the LaSota strain. In conclusion, this study analyzed the prevalence of
PPMV -1 and amino acid variations in the key antigenic proteins from the perspective of epidemiological investigation, providing certain theo-
retical guidance for clinical prevention and control of PPMV~1 and vaccine development.
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9B B FE 1 B (pigeon paramyxovirus type 1,
PPMV-1) JE TRIZREEF, 8§ ERKRWER, &
o FE RS R B I, By RIS IR | R
M WER S R 2R KRS | HESR R 2 55T AL
AEIR, A FEReL T A R 2wk, PPMV -1
BT8R AW EMmE 1 A (avian paramyxovirus
serotype 1, APMV—1) &R VIR, I 2 h 5% 7
BE RNA, 05 6 DHF B EHE (open reading frame,
ORF) X, M 3"3i# 5" %50 5 4ifih 6 FhastH . #%
KyeHEH (NP) , BREE (P) ., HEBEH (M), @l
AEA (F), MERWMLRZRBEENA (HN) ks
THEM (L), s, P RSN RIS 2 Fhak 451
EA (VW) MEASSEENIEK, LEA
P R (3L A B B RNA KA RNA R 5 1,
NP, P, L S5WNFE SN 4] RNA H R 006 25 -8 % &
4 & 1K (ribonucleoprotein complex, vRNPs) J& %5
TN 5 E R TR AR Y, F A HN &2
DRSE 95 B BOW PE A S e IR PR R s R, Hih PR
HEZN PR EE S E SN a5, Em
APMV -1 EURMERIERE ) %8 R APMV -1
FHHNEBENEZ—, WILZ R EHNIMIFRFE N E
SETET S I HN BRI RE S T o 20 6 2 1 R YR R 2 1A
4ih, NhefkitS P EAME, KEZEPPMV-1 1 F
FEATFES AN & A B IR SRR M A, F
FUHN & 2 PPMV -1 BB E A, AT
Yt e TR, L FORT AN JERR S AL R
Sy BT E B TR

PPMV-1 M7 CB B 2=k, —4EUZ 4
kA, BHELFEWRER, ST IR, ERER
— A ARG PPMV -1 J5 I AR AR 22 BE K 3L
] i B 2 J 8 SR 3B Bl B A | R SRR R S (0 R
B PPMV-1 F 20 4D 70 A0 U7 1l 1 4 %
B, 1977 AEALRE R PR, B S R AL B 2RSS A 4
FH, S5 3 % APMV -1 23R K17, 1985 4F
PPMV-1 B WAL AR, B 7E 25 HbkH 4k g 43
O™ AR T 3R E SR A9k g & . 2000 4E LU,
PPMV-1 WA A VL 2. 1.1.2. 1 F1 VL. 2. 1. 1. 2.2 Ji§
MG AT RN R AE N, RNR
VL 2.1, 1.2, 2 WAk 36 [ A9 1F i 3 S AT 2 bk
2012—2018 4F[a], Yu % NFRE ) P57 55 T 4
25 18 #k PPMV-1, HriSHET VL2.1.1.2. 1 L
A FHAN 13 BRET VL 2. 1.1.2.2 WAL, 2021—2022
AR, B2 A AR ON TR B R [ M X 4 S E 8k
PPMV-1, Hi4tkET VL2 1. 1.2.2 WH!, %4k 4

PRIET VL2 1.1.2. 1 WA £ LArdk, PPMV -1 3
PR VI 2. 1. 1.2.2 2y H Hi a5 A9 00 35 m 47 58 8 Y
HFEFEIN PPMV -1 BATE B T 40 H e
AWl R RE ) 78 AL 3 i AR R AN W
B SRR MRS B, DR A TR 1 A W ey
E%:B: .

ARFFENE R, T, LI, TR, Hiima e
L&A RE A I 2] PPMV -1, #3d PCR J7 L #E1T
e, JREE SN S MREEMRIG F RN HN JE R T 510
FE Gt AL T, AT 5 Bk PPMV-1 5 LaSota
FRREY F A HN B[ 225, I T % PPMV -1 1933
2R, i PPMV =1 43 T 47975 = W I 928 1
A SRR S s

1 #REFE

1.1 IGREmRLE

2024—2025 4F[H], MFgRt, Jo8 . Bl )UK,
AR 0> RS IR A IR A 140 A, R RS
PR O kSl | e R EARD, RGN
A ] WL ER K i, BalEAT e, WUE e IR E)
SRANEY), B IE DR PR R AR TR S AL Y < BB
B ORERIRR S, I IERRZY 0.5 g, IAGE i TCH
PBS J5 V% VR B il LA 0 IO VR 3 IR T
12 000 r/min Z&fF F &0 10 min, B L TE K -80 C
AT
L2 EERA

Phanta Max Super—Fidelity DNA Polymerase , %
PR bR IR 3 B R AR B, DNA B¢ [0l Wi 3k
B35 W 1 R T M R R A PR R Hieff®
qPCR SYBR Green Master Mix, J ¥% 5605004 B ¥ ¢
AR (R BRI ABRA R T At ekl
F & H TaKaRa /A F]
1.3 5|#¥ngit

2% GenBank LA NAIH) APMV -1 751, F
H Snapgene BT APMV -1 38 FH LK 2 5 9 UL K
PPMV -1 R 515 1 9 05 WL 4R 21 14 1l A ek 3247 4G
HP BAVERTRI R SEY S5 5 F R HN 25 1 19 58 5 2 i
XFF 41 (CDS), I 2 2% SCHk b iy 69 Jig s ¢ 1 A4
(pigeon adenovirus type 1, PiAdV—1), #9495 %% 5
(pigeon herpesvirus, PiHV) , #5[F¥JE%; ( pigeon cir-
covirus, PiCV) "™ 5L K 5256 28 A Y RS R 75 2
#1 (pigeon adenovirus type 2, PiAdV—-2) 5|¥)X}k}
PEATRI, SIY AR TAY TR (RE) BhAR
NEG. JIWMEEILE L,
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L/ EA N SIFH (5 —3") PR/ bp i

1F GCATTCTGGTTTCACTCAAAATGGTC

245 APMV-1 BH%ES
IR CCCTCCATCATATCTGCATACATCAA
2F ATGGACTCCAAACCCCACATCAG

532 PPMV-1 %5E5|9)
2R CCACTGCTAGTTGCGATAATCCG
3F ATCTATCTTGATTGCTTATAGTCAGTTTACCTGC

1 890 PPMV-1 F 3R &K F514
3R GCAATACACGGGTAGAACGGT
4F GCAATACACGGGTAGAACGGT

1 894 PPMV-1 HN F: X 4K M54
4R TTGGTGTTGCGAGAGATAGGTGAT
5F ATGGCTGCGCTCACTCCTGACCTGACTA

351 PiAdV-1 %E5|Y)
5R AGGTCCGCGATCTAGCACGCCCTTGAT
6F GAGGACTACTCCGTGTGTCGG

239 PiHV %E 54
6R ACGCCTTTCATCATCATTTTGCC
7F ATGGCTGCGCTCACTCCTGACCTGACTACCGCC

348 PiAdV-2 %5E 519
7R AGGTCCGCGATCTAGCACGCCCTTGAT
8F GGTTTGCCGTAGCCAGAT

418 PiCV %5EF Y
SR CACAGGAGGAGTAGCCGTATT

1.4 RT-PCR#&il%K F f1l HN EE LKA 14
11 £ i A SBT3 R 300 pL, B
SAZIR RS ORGSR, TR R
R G UL B AT R s . HUAAD IR 5xgDNA
Digester Mix 2 wL, RNA 3 pL, RNase-free H,0 5 pL,
42 CHE 2 min; L—L MWK 10 pL A 4xHi-
fair® AdvanceFast SuperMix 5 L, Random Primers
1 pL, RNase—free Water 3 pL, 55 °C 5 min, 85 C
5 s RUVATHE B PIVE N F AT HN IR f 37 38 46
B, H 13 TSI AT PCR RO, PCR KB
% (50 pL): 2xPhanta Flash Buffer 25 plL, ddH,0
18 pL, LWE5I¥12 wl, FUFT1Y 2 ul, Btk 2 pl,
Phanta Flash Super — Fidelity DNA Polymerase 1 plL,
PCR R 551F: 98 C 30 s; 98 C 10's, 60 C 5 s,
72 °C 35 s, dEAT 30 DMEH; 72 CHEMF S min, S

SERFHC 10 L K P W3R4T 1% S B A R e L Uk
Rl
1.5 F 1 HN EREEEH LS

Ph1.4 hiilfsy PR S AR X (47 ~420 bp) Al
HN R 4K P 51 o0 3Rl ) 3t 74 08 46 20 B 1
MEGA 6 H1[1J Clustal W 5532 %F 55 % ¥ 91 J5 i 17 fe £
BRI T S RIIEYE oA, B TR A i e A
b R U P U N (0 /. 1 B v g o B 1
Bootstrap .74 (1 000 IX) Kegeitfb A i vl 5 5, DU
X BH A FE & ) PPMV - 1 8 A7 38 R AL, i it
DNAStar AL H B MegAlign 17 4% 12 31 [] PR 7Y
GHT, JEXTHE F R X 2 R A 6 G, NS
18 ) O O s V2 NN e A R A <o 23y N L
HEWE2,

K2 PPMV-1SEZFKER

WA R FEEA GenBank %5RE RS R JEEA GenBank HREE
ulster/67 I AY562991 PPMV-1-1/QL-01/CH/15 Via KX065188
LaSota I AF077761 PPMV-1-1/5X-01/Ch/15 A\l KX247376
Mukteswar I EF201805 Pi/CH/GXG2/2012 Al MK469969
Herts/33 Y AY741404 pigeon/ China/SDS/2011 Vi JQ993431
Italien v EU293914 KFg828884 A\l KF828884
NDV-PO05 \ HM117720 Pigeon/China/BJ2013 Vi KJ808819
Pi/CH/LJL/100605 Vi JX486551 Pi/CH/GXG28/2016 Vi MK749301




FWSHE 20264 558K 8l <77 -
gR2

BEMR AR HE R 7 GenBank %5 Euy AN SLPH R GenBank %355
JS-07-04-Pi Vi FJ766527 JS/03/11/Pi Al MT811571
JS-07-03-Pi Vi FJ766531 SD/09/19/pi Vi MT811586
Pi/Belgium/248VB/1998 AUl EF026583 Pigeon/Hubei/188/2022 VI OR542541
PPMV-1-1/New York M FJ410145 Pi/SHJS/2023 VI PP444693
NDV-05-029 i F¥J766528 APMV1/Pigeon/NJ/USA/0721/2007 VL.2.1.1. 1 JX901351
Pi/CH/LHLJ/110813 Vi JX486553 APMV1/Pigeon/PA/USA/0810/2008 VL2.1.1.1 JX901367
SDLC/2011 VI JQ979176 NDVstrain sms12 F protein VL.2.1.1.2. 1 JX094510
AV324/96 VI (0429292 PPMV-1-1/Belgium/98-248/1998 VIL2.1.1.2.1 JX901110
DOVE/ITALY/2736/00 VI AY562989 PPMV-1-1/Belgium/11-09620/2011 VI.2.1.1.2.2 JX901124
1T-227/82 Vi AJ880277 Pi/SH/CH/0167/2013 VL2.1.1.2.2 KT163262
NA-1 VI DQ659677 pigeon/Ningxia/2068/2016 VL2.1.1.2.2  MG840654
ZJ1 VI AF431744 JS/09/16/Pi VI.2.1.1.2.2 MT811578
China/Guangxil1/2003 VI DQ485231 JS/05/19/Pi VL.2.1.1.2.2 MT811582
QHI VI FI751918 pigeon/Nigeria/ NIE09— 1898,/2009 VI.2.1.2 HG326604
QH4 VIl FJ751919 PPMV-1-1 nucleoprotein gene VI.2.1.2 JX518532
F48E8 X FJ436302 Pigeon/Texas/209682/2002 VL2.2.1 JN872180
DE-R49/99 Class | D(097393 Pigeon/New York/12339/1998 VL2.2.1 IN872182
D/F¥)/1/02 Class | FJ597580 PG/CH/JS/1/05 VI.2.2.2 FJ480825
JS10_A10 Class | KT124544 Pigeon/ China/100/08 VI.2.2.2 J1X244794

1.6 F 71 HN SIEES

i Snapgene A4, K F Fl HN J& K A% 4 R
IR EEERIT Y, 2% LaSota FE MR, XF 5 Bk
BERRH F A HN & AR AL R DE IR IR
TP IR RO AT LUER, A B SRR U 78
(IR

2 HERESWH
2.1 R

2024—2025 4F[0], AT MNE R, L. i,
JAR . HERAE M SRR AE T 140 MR RE, RS
A amas . SkHfmh, TS, KA

WUE AW Sk, IEBK M, i AR S A s,
iR, A5 AR R PPMV -1 BH M,
o (5 B SR G R A R IR B L3R 3
2.2 FFHNERFEEKY 1

B &4 0y IRl — 58 5 1 B M bR BEAILIE R 1
s BHMERE, I LLSEIG 2k g B X R R AR R A T
firgs, LKL 5 BRIITEROR, @455 T F A HN /Y
CDS XA IE G i X 9 5 |y AT 9 14, IF % 9 34 7=
YA TN A3, R TR BB S 450, K/ N
1890 bp (I 1A) H11894bp (K 1B), 54
—3, WFERT, 5 KBRS T PPMV -1 B[
VIAL

F3 ERENRAERICE
itk IR i [e] PPMV -1 FHYER RS H TRA BRSO
PA117~119 5 2024 4 12 3/3 PiAdV-2, PiCV
PA173~182 T 2024 4E 12 J 3/10 PiAdV-2, PiHV
PA363~364 feike] 2025 4% 03 H 172 PiCV
PA365~370 g 2025 4F 04 H 6/6 PiCV
PA414~422 it 2025 4F 05 H 7/9 PiCV

2.3 F 70 HN EREEE#HL ST
F ([B12) FHN ([B3) JH L s fras
R, 50 PPMV-1 k)8 T VL 2. 1. 1.2.2 W

A, BB A BORIEEY:, F 3R AR R [R5
1k 93.8% ~ 97. 3%, HN & K i 4% F 18 [6] I8 P
95.7% ~99. 4% , FERE-5 W IR 8 FHAE S 0 Rk 0 5L
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II %Y LaSota BREE B A0, FEARP DR F 2RE K 84.7% ~85.9%
KR [R5 PE A 80. 9% ~ 82. 4% , 43, KL 1R W) 5 11 Hy

AN N M 1 2 3 4 5 B

bp bp
2 000 2 000
1000 1000
750 750
500 500
250 250
100 R 100

M. DL2000 DNA Marker; N. FAPEXTER; 1. PA117; 2. PA174; 3. PA363; 4. PA370; 5. PA417,

E1 PPMV-1PHHFRIBF (A) F1HN (B) EE2K PCR I EER

A PA174/Pigeon/VIWuxi/2024
OR542541/Pigeon/Vl/\Wuhan/2022
MT811578/Pi/V1.2.1.1.2.2/Yangzhou/2020
MT811582/Pi/V1.2.1.1.2.2/Yangzhou/2020
A PA417/Pigeon/VI/Shanghai/2025
A PA363/Pigeon/VIIHunan/2025 VI.2.1.1.2.2
A PA370/Pigeon/Vl/Shanghai/2025
A PA117/Pigeon/VINanjing/2024
PP444693/Pigeon/Vl/Shanghai/2024
JQY79176/Pi/Vl/Shandong/2011
KT163262/Pi/V1.2.1.1.2.2/Shanghai/2013
MT811571/Pigeon/VI/'Yangzhou/2011
MG840654/Pi/V1.2.1.1.2.2/Qingdao/2016
JX901124/Pi/VI.2.1.1.2.2/Belgium/2011
KJ808819/Pigeon/VI/Beijing/2013
JQ993431/Pigeon/VI/Shandong/2011
KF828884/Pigeon/VI/Beijing/2013
MK749301/Pigeon/VI/Guangxi/2016
JX486553/Pigeon/VI/Harbin/2012
KX065188/Pigeon/VI/Shanxi/2015
4 JX094510/Pi/VI.2.1.1.2.1/Sichuan/2012
{ JX486551/Pigeon/VI/Harbin/2012
KX247376/Pigeon/VI/Shanxi/2015 VI.2.1.1.2.1
EF026583/PiVIIUS/1998
JX901110/Pi/V1.2.1.1.2.1/Belgium/1998
7 MK469969/Pigeon/VI/Guangxi/2012
4{_LiFJ’I%527/P|NIIYangzhoul2007
99 - FJ766531/PiVI/Yangzhou/2007
AY562989/PilVIIUSA/2004
53 |q3 GQ429292/Pi/VI/Netherlands/2010
48 JX901351/Pi/2.1.1.1/JUSA/2007 VI.2.1.1.1
100 ' JX901367/PilVI.2.1.1.1/USA/2007
FJ410145/PiVI/USA/1984
00 * AJ880277/PIV/HUNGARY/1982
JINBT2180/PiV1 2.2 1/USA/2011 Vi2.2.1
JN872182/Pi/VI.2.2.1/USA/2011
FJ480825/Pi/VI.2.2.2/Harbin/2008
FJ766528/PiVIYangzhou/2009 Vi2.2.2
JX244794/Pi/VI.2.2.2/Guangdong/2012
_'_— HG326604/PilV1.2.1.2/LUXEMBOURG/2013
97 JX518532/Pi/VI.2.1.2/Kenya/2012
AF431744/Chicken/VI'Yangzhou/2000
DQ485231/Chicken/VI/Guangxi/2003 ‘
99 L— pQB59677/ChickenVIlLiin/2006
FJ751918/Chicken/VIll'Yangzhou/2009
100 ' FJ751919/Chicken/VIll'Yangzhou/2009 ‘ vii
HM117720/Chicken/V/Mexico/2010 1V
AY562991/Chiken/l/Ireland/1967 i |
|
|

]

100 VI.2.1.2

vii

AFO77761/Chi 1946 n
FJ436302/Chicken/IX/Yangzhou/2009 IX
EF201805/Chiken/ll/Lanzhou/2003 1
AY741404/Chiken/IV/ Netherlands/1933

96 - EU293914/Chicken/IV/Shanxi/1944 IX
| FJ597580/Chicken/ll/Yangzhou/2002 l

100 DQ097393/Chicken/Class I/Hungary/2005

55 KT124544/Chicken/Class /Shanghai/2012 Class |

A ARKGFHK, TH,
2 PPMV-1F E[E (47~420 bp) EEFHALH
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W58 % 48 79

-

A PA174/PiIWuxi/2024

A PA417/Pigeon/VI/Shanghai/2025
100 | OR542541/Pigeon/VI/Wuhan/2022
MW271787/Pigeon/Yangzhou/2020

A PA363/Pigeon/VlHunan/2025
A PA370/Pigeon/VI/Shanghai/2025
PP444693/Pigeon/VI/Shanghai/2024

A PA117/PiNanjing/2024

98 - MK749301/Pigeon/VI/Guangxi/2016 Vi

JX486551/Pigeon/VI/Harbin/2012

1

EF026583/Pi/VIIUS/1998
FJ766527/Pi/VI/Yangzhou/2007
0 - FJ766531/Pi/VI'Yangzhou/2007
MK: igeon/VI/ gxi/2012
JX486553/Pigeon/VI/Harbin/2012
100 * KX065188/Pigeon/VI/Shanxi/l2015

,—— AY562989/Pi/VIIUSAI2004
88 GQ429292/Pi/VIINetherlands/2010
FJ766528/Pi/VI/Yangzhou/2009
AJ880277/PilVIIHUNGARY/1982
FJ410145/PiVIUSA/1984
DQ659677/Chicken/VIVJilin/2006
AF431744/Chicken/VI'Yangzhou/2000
DQ485231/Chicken/VIVGuangxi/2003
HM117720/Chic ico/2010

| FJ751918/Chicken/VIll/Yangzhou/2009

100

97

100 L FJ751919/ChickenViilYangzhou/2009
AY741404/Chiken/IV/ Netherlands/1933
00 — EU293914/Chicken/IV/Shanxi/1944

EF201805/Chiken/lll/Lanzhou/2003
FJ436302/Chicken/IX/Yangzhou/2009
—— DQ097393/Chicken/Class /Hungary/2005

0.10

|

[: AY562991/Chicken/reland/1967 !
97 AF077761/Chicken/ll/Netherlands/1946 |
|

I

100 ! KT124544/Chicken/Class V/Shanghai/2012

E 3 PPMV-1 HN £ [H i &L

2.4 F 71 HN SEBHH

RUE A S8 58 M@ B 0 5 Bk PPMV -1 78 3844 1E
TR RO B A 2257, HEA] F & A 2R b
(B ILFR T VAR AT A SR ) APMV — 1 58 55 4 (1 )7 51)
FRIE, RI'RRQKRF"Y, Him4Eiam—2, 5 %
W F EADREX AR AT IR (k4) B
N, FEAYA 6 MWEM N - B AL 6 A8
( 85NRT87. 191NNTI193, 366NTS368, 447NIS449 .
471NNS473 | 541NNT543) Fl 13 A& BE AR <F 1 2F bk
RIRFRILALNLE (BT 25, 27, 76, 199, 338,
347, 362, 370, 394, 399, 401, 424 523 i), 5
LaSota #EWARAA LY, 5 BREEHEAE F B S AR, fAlG
B, EAKEE X (HR) FES IR IX 54 £ 4 2 3 iR 48

5, Hh PA363 F1 PA417 A 26 A~ & R

=1
> Jt,

PA370 fi 25 DMRIERAL S,
MR,

HN & [ 8515 DX R Hh e S 2 A 2 3 R AR S 0 B
G5 (5) R, 5 LaSota JERIMRAI L, 5 BREERE
B4 5 M AER) N- BB A7 81 (119NNS121,
341NNT343 , 433NKT435, 481NHT483, 508NIS510)
13 AP E R (BT 123, 172, 186,
196, 238, 247, 251, 344 455, 461, 465, 531 #l
542 i) o 5 AREERRA HN 25 e B I IX A £ b 2 iR
s, hRPURERAIA S RI97I, N263K, E347G,
D349E ., G494D . 1514V iX 6 Ab & FEWZ 4 5, PAI17
1 PA370 FERRIGRHEN Bk 6 DA Z IR R A7 5,
HEINT D569K N 5 IR AL 5

PA117 il PA174 #G 17



- 80 - Animal Husbandry & Veterinary Medicine

2026 Vol. 58 No. 8

®4 FEARXESERER

ik ERE/NES filA R IX LIKEEZ X PRI
bk
1~25 aa 117~141 aa HR-A. 143~185 aa  HR-B:. 268~299 aa HR-C. 471~500 aa 501~521 aa
N476H . N479D V5061, F514S.
PA117 R4S, T171, MI191 G124S, A132S (143K, K145N, V1791 T288N
— E482A . R486S I516A | 1520V
N476H ., N479D | V5061, F5148.
PA174 R4S, T171, MI91 G124S, A132S  Q143K, K145N, V1791 T288N
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