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Abstract: In order to explore the genetic mutations of the neuraminidase and the law of the molec-
ular epidemiology of HIN2 subtype Avian Influenza virus (AIV) in mainland of China, 63 HIN2
A1V strains were isolated from some poultry yards in China, the whole NA ¢cDNA fragments of
them were amplified by reverse transcription polymerase chain reaction, with primers specific to
NA gene. After cloning and sequencing., homology and heredity evolution of NA gene sequences
were analyzed. The sequence analysis showed that the homology of NA gene in this study was
between 87. 4 %-99.5%. Neuraminidase of 52 strains had a deletion of 3 amino acid residues at
positions 63-65, belong to Y280-like branch; the other 11 strains had no deletion in the stalk, be-
long to G9-like branch. Amino acid residues at hemadsorbing (HB) sites and antigenic determi-
nants of these isolates exist variation. The amino acid residues in the enzyme active sites of the
isolates were highly conserved and showed no mutations associated with resistance to the sialidase
inhibitors oseltamivir and zanamivir. 36 strains viruses sequenced in this study contained potential

glycosylation sites at 264 amino acid residues 28 strains lost potential glycosylation sites at 402
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amino acid residues. The results indicated that by now the NA gene of HIN2 AIV in mainland
China belong to two branches, Y280-like and G9-like, and the most NA gene of the HIN2 iso-

lates in China mainland belong to Y280-like.
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Table 1 Amino acid sequence analysis of NA gene of AIV strains
- N fb £ 2 ST 40 L 25 4 i Bk
Name of virus strain Potential N-glycosylation sites Hemadsorbing (HB) sites Deletion
44 61 69 86 146200234264 309331402  366—373 399—404 431—433  in the stalk
CK/SD lc/710/2009 - — 4+ + + + + + — — — IKSDSRSG DSDSWS PQE 63—65
CK/SD 1x/1201/2009 — — + -+ T T e e e 63—65
CK/SD jn/23/2009 - -+ -+ + + + = = — ... L. 63—65
CK/SD xt/1229/2008 — — + — + + + + — — — . ... ... 63—65
CK/SD z¢/523/2009 - — 4+ -+ + + + = = — ... L. 63—65
CK/SD gz/1129/2008 — — + + + + + + — — 4+ ... .. .. . N. 63—65
CK/SD 1x/330/2009 - ++ ++ 4+ + = =+ ... . N 63—65
CK/SD 1x/24/2009 - = 4+ + + ++ + - = = ... . N. 63—65
CK/HN /5/2001 - — 4+ + + + + + = =+ ... . N. 63—65
CK/SD 1x/35/2008 - =+ + 4+ + 4+ + 4+ = = o0 L. 63—65
CK/SD 1x/320/2008 - — 4+ + + + + + = = — ... L. 63—65
CK/SD 1x/2/2008 - — 4+ + 4+ + + + + = — o0 L. 63—65
CK/SD qd/71/2009 -+ + 4+ + 4+ + -+ = o0 L. 63—65
CK/SD ly/18/2008 - — 4+ + + + + - =+ — ... L. 63—65
CK/SD 1x/66/2008 - -+ + 4+ + 4+ + -+ — .. L. 63—65
CK/SD 1x/327/2007 - = 4+ + + + + - = + — SN e 63—65
CK/SD 1x/316/2007 - — 4+ + + + + - =+ — ... L. 63—65
CK/GD/929/2009 - -+ + 4+ + + + = = — ... L. 63—65
CK/SD xt/227/2009 - 4+ + + + + - = = = LGl o 63—65
CK/SD 1x/635/2009 - = 4+ 4+ + + + - = = = I.G. ... ... 63—65
CK/SD pl/1122/2008 — — + + + + + — — — — LG o 63—65
CK/SD Ix/1129/2008 — — + + + + + — — — — LG oo 63—65
CK/SD pl/108/2009 - = 4+ 4+ + + + - = = = LG o 63—65
CK/SD ly/44/2009 - = 4+ + + + + - = = = LG o 63—65
CK/SD 1x/312/2009 - =+ + + + 4+ - = = = LGooos e 63—65
CK/SD yt/1023/2009 — — + + + + + — — — — LG o 63—65
CK/SD pl/929/2009 - = 4+ + + + + - = = — T..G.... ...... 63—65
CK/SD pl/1128/2009 — — + + + + + — — — — LGoos s e 63—65
CK/SD 1x/22/2010 - — 4+ + + + + + = = — LG o 63—65
CK/SD Ix/115/2010 - = + + + + + + - — — LG o 63—65
CK/jilin/1128/2009 - 4+ 4+ + + + + = = = B = 63—65

Carried forward)

Tl
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(42781 Continued)

CK/SD pd/1128/2009 — — + + + + + + — — — .HLO o0 oo 63—65
CK/SD wf/1224/2009 — — + + + + + + — — — RO oo 63—65
CK/SD cy/1201/2009 — — + + + + + + — — — RO ool 63—65
CK/SD yt/728/2009 - = 4+ + + + + + - — = RO oo 63—65
CK/beijing/827/2009 — — + + + + + + — — — R 63— 65
CK/liaoning/2009 - — 4+ + + + + + - = — RO oo 63—65
CK/SD wi{/79/2009 - — 4+ + + + + + = = — RO oo 63—65
DK/SD ly/717/2009 —— — + + + + + + — — — RO oo 63—65
CK/HB/2/2002 - — 4+ + + + + + - = — RO ool 63—65
CK/JS nj/15/2001 - = 4+ + + + + + - — = RO oo 63—65
CK/SD cy/422/2008 @ — — + + + + + + — — + . R. NG 63—65
CK/JL cc/423/2008 - — 4+ + + + + + + = + . R. NG 63—65
CK/Xichang10/2001 - — 4+ + + + + - = = + . E. .EN. . R 63—65
CK/Beijing/2/2001  — — + + + + + — + — — L E. CENL . L. 63— 65
CK/Henan/1/2001 - — 4+ + + + + - = = + . E. ONLL L 63—65
CK/GD/2/2000 - = 4+ + + + + - = + + .E. L . N. 63—65
CK/JS NJ/13/2001 - — 4+ + + + + - - = + .ELT. . N. 63—65
CK/SD/2/2001 - — 4+ + + 4+ + - = — + .E.T . N. 63—165
CK/HBsjz/2/2001 - = 4+ + + + + - = = + . E. . N. 63—65
CK/SD le/1124/2007 — — + + + + + + — — — . E. . N. 63—65
CK/LN/1225/2008 - — 4+ + + + + + = = — . E. NG 63—65
CK/GD sz/u/1999 + + + + + + - - = + + . K. NS . K. —
CK/GD/1/2002 + ++ + -+ + - = = — EK..... DS . K. —
CK/GD/11/1999 + + 4+ ++ 4+ + - = = — EK..... Y S . K. -
CK/GD/10/2001 + + + + + 4+ + - = =+ EK..... ... NS. . K. -
CK/HLJ/u/1998 + ++ -+ + + - = — + EK..... ...NS. .K. —
CK/SDmp/1224/2007 + + + — + + + — — — + _EK.. ... ...NS. .K. —
CK/henan/6/2006 + 4+ + + 4+ 4+ + - = = + EK..... ... NS. . K. —
CK/SD yt/1105/2007 + + + + + + + — — — + VK. .... ...NS. .K. —
CK/SC bs/1210/2007 + + + + + + + — — — + _ VK... .. ...NS. .K. —
CK/SD 1x/929/2007 + + + + + + + — — — + . VKG.... ... NS. . K. —
CK/SD Ix/1023/2007 + + + + + + + — — — + VK. .... ...NS. .K. —

TR AN R — . R R TR AL (0 B R AR ik Ok

Lost potential glycosylation sites or without deletion in the stalk

+. Contain potential glycosylation sites; —.
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AEEk . VIME 2> 30 2000—2003 4F B 73 B #k . 5
20072010 4F 14302 19 43 B9 bk 2 S MR 9 R (10 406 ~
10.8%0) . WIWE43 3 AU B 19 3 AN LU ZR L3077 ]
b H DX Pk 5 R R R M X P 4 2005,2006
FER T EMEG R REUE.
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78
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A/Chicken/Shandong Ix/312/2009(HIN2) i
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78 L— A/Chicken/Shandong pl/1128/2009(H9N2) )
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100

100

81

A/Chicken/Shandong 1x/22/2010(H9N2)
A/Chicken/Shandong Ix/115/2010(H9N2)
A/Chicken/Jilin/1128/2009(HIN2)
99 | A/Chicken/Shandong pd/1128/2009(HIN2)
A/Chicken/Shandong cy/1201/2009(HIN2)
A/Chicken/Beijing/827/2009(HON2) v
A/Chicken/Liaoning/2009(HON2)
Al/Chicken/Shandong yt/728/2009(HON2)
A/Chicken/Shandong wf/79/2009(HIN2)
A/Duck/Shandong ly/717/2009(HON2)
A/Chicken/Hebei/2/2002(HIN2)
88 - A/Chicken/Jiangsu nj/15/2001(HI9N2) i
95 A/Chicken/Shandong cy/422/2008(HIN2)
100 L— A/Chicken/Jilin cc/423/2008(HIN2) } v
99 — @ A/Chicken/Guangxi/44/2006(HIN2)
@ A/Chicken/Guangxi/55/2005(HIN2)
A/Chicken/Liaoning/1225/2008(HIN2)
A/Chicken/Shandong Ic/1124/2007(HON2)  [VI
@ A/Chicken/shanghai/F/98(HIN2)
A/Chicken/Hebei sjz/2/2001(HON2)
100 r A/Chicken/Jiangsu nj/13/2001(HON2)
A/Chicken/Shandong/2/2003(HIN2)
A/Chicken/Guangdong/2/2000(H9N2)
A/Chicken/Henan/1/2001(HIN2) VI
@ A/Duck/Hong Kong/Y280/97(HIN2)
AlChicken/Xichang10/2001(HON2)
89 A/Chicken/Beijing/2/2001(HON2)
— @ A/Chicken/Beijing/94(HIN2)
100 A/Chicken/Shenzhen/u/1999(HON2)
@ A/Chicken/Hong Kong/G9/97 (HIN2)
A/Chicken/Guangdong/1/2002(H9N2)

L EA/Chicken/GuangdongM 1/1999(HIN2)

100

91

87

A/Chicken/Guangdong/10/2001(HIN2)
A/Chicken/Heilongjiang/u/1998(HON2)

4 100 - A/Chicken/Shandong mp/1224/2007 (HON2)
A/Chicken/Henan/6/2006(HIN2)

100 A/Chicken/Shandong yt/1105/2007 (H9N2)
Too || A/Chicken/Sichuan bs/1210/2007 (HON2)
A/Chicken/Shandong Ix/929/2007 (HON2)

94 A/Chicken/Shandong Ix/1023/2007 (HON2)

100

G9-like

@ A/Chicken/Pakistan/5/99(HIN2))
100 @ A/Quail/Hong Kong/G1/97(HON2) | at-ike
100 @ A/Hong Kong/1074/1997(HIN2)
@ A/Chicken/Korea/MS96/96(HIN2)
00 @ A/Duck/Hong Kong/Y439/97(HON2) )
N . Y439-like
87 @ A/Turkey/Wisconsin/66(HIN2)
98 @ A/Turkey/California/189/66(HON2)
—
0.005

ARWFTE 0 B R @77

Virus strains isolated and sequenced in this study are the strains which don't marked with “@”
Bl 1 63 % HIN2 TR EFESEK NAERNBEELETHLHSHT

Fig. 1 Phylogenetic tree of NA gene of 63 HIN2 subtype AIV isolates
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Table 2 Mean distances of nucleotide sequence between the strains of branches
/4y % Branch 1 I Il v V VI I G9
1 0.003 0. 003 0. 003 0. 005 0. 007 0.008 0. 009
I 0.023 0.003 0. 003 0. 005 0. 007 0. 008 0. 009
I 0.028 0.025 0. 003 0. 005 0. 007 0.008 0. 009
v 0. 024 0.022 0. 026 0. 005 0. 007 0. 008 0. 009
Vv 0.052 0. 049 0. 052 0. 047 0. 007 0. 008 0. 009
Vi 0. 070 0. 066 0.071 0. 067 0. 068 0. 005 0. 006
I 0.108 0.106 0.109 0. 104 0.107 0. 064 0. 007
G9 0.123 0.120 0.125 0.123 0.128 0. 083 0.107

I ~ VI 1w Y280-like NI 7 A IE 20 32, G9 2 GY-like 2332, 76T J7 WY R R 45 70 I ) 22 S M 39 8. A B o7 i 80

JEbR 2 . R HUEE T MEGAL 5155

I -Vl are the seven small branches of Y280-like from Fig. 1,G9 is G9-like. The lower left data stands for mean distances, the
upper right data stands for standard deviation. The data are computed by MEGA4

& 2 R B2 %F 2003—2010 4E 11 A& HIN2 43
BIARIEAT IO NA BL A8t 4% gE 4k 20 A, 45 R & Bl R
X AT HONZ WA & i ik NA JEH 432 2 4>
4y % ——Y280-like 43 % F1 G9-like 43 % . 7 4% 5
(9 41 AR LR L IX #EpR P 37 B/ )8 T Y280-like 4332,

94

100

3

100

84
99

—
0.005

2 WFRHEX HIN2 T2 & i 2 5 B bk NA B E L i

84
A/Chicken/Shandong wf/79/2009(HON2)
A/Duck/Shandong ly/717/2009(H9N2)

A/Chicken/Shandong yt/728/2009(H9N2)

4 BRJE T G9-like 73 3. MW IR 40 & Bk, A/
Chicken/Shandong 1c/1124/2007 ( 88.7%
90.1%) A A/Chicken/Shandong/2/2003 (92.5%
~93.8%) 5 Y280-like 43 3¢ H A 111 7R 43 25 4k 7 I8
PEEAIR

~

A/Chicken/Shandong Ic/710/2009(HO9N2)
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A/Chicken/Shandong zc/526/2009(H9N2)
A/Chicken/Shandong xt/1229/2008(H9N2)

— A/Chicken/Shandong qz/1129/2008(H9N2)
100 [A/Chicken/Shandong Ix/24/2009(HON2)
7

A/Chicken/Shandong Ix/330/2009(H9N2)
A/Chicken/Shandong Ix/35/2008(H9N2)
A/Chicken/Shandong Ix/320/2008(H9N2)
A/Chicken/Shandong Ix/2/2008(H9N2)

A/Chicken/Shandong qd/71/2009(HON2)
A/Chicken/Shandong ly/18/2008(HON2)
A/Chicken/Shandong Ix/66/2008(HIN2)
A/Chicken/Shandong Ix/327/2007 (HON2)
A/Chicken/Shandong Ix/316/2007 (HON2)

A/Chicken/Shandong xt/227/2009(H9N2)
A/Chicken/Shandong Ix/615/2009(H9N2)
A/Chicken/Shandong pl/1122/2008(HON2)
A/Chicken/Shandong Ix/1129/2008(HON2)

A/Chicken/Shandong mh/108/2009(HON2)

A/Chicken/Shandong ly/44/2009(HON2)
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Fig. 2 Phylogenetic tree of NA gene of the HIN2 AIVs isolated in Shandong province

3 JEVEH I 20072010 4F PJEE 7R HiL X HE 55 38
YA BRI 16 £k HON2 W ATV NA 3 R # 2 1y 7F

P % 258 3% 5l HONZ Y 780 & it o i 175 25 Wk 114
NA $:H 53K Y280-like F1 GO-like 2 44332 .



2

ESFEHE 63 bk HONZ TR &R T NA 2751 704

303

100 - A/Chicken/Shandong Ix/24/2009(HON2)
A/Chicken/Shandong 1x/330/2009(HIN2)
A/Chicken/Shandong 1x/22/2010(HIN2)
A/Chicken/Shandong 1x/115/2010(HIN2)
A/Chicken/Shandong Ix/615/2009(HIN2)
A/Chicken/Shandong Ix/312/2009(HIN2)
A/Chicken/Shandong Ix/1129/2008(HIN2)
A/Chicken/Shandong 1x/35/2008(HIN2)
A/Chicken/Shandong 1x/320/2008(H9N2)
A/Chicken/Shandong 1x/2/2008(HIN2)
A/Chicken/Shandong 1x/316/2007(HIN2)
A/Chicken/Shandong 1x/66/2008(HIN2)
A/Chicken/Shandong Ix/327/2007 (HON2)
A/Chicken/Shandong 1x/1201/2009(HIN2)

— A/Chicken/Shandong 1x/929/2007 (HON2)

—
0.005

100 - A/Chicken/S handong 1x/1023/2007 (HON2)

B3 WERKRMXEIGIE 16 £ HON2 T8 &7 8 NA £ F

Fig. 3 Phylogenetic tree based on NA gene of 16 HON2 AIV strains isolated from one chicken farm in eastern Shandong province
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